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Abstract. 
The use of silage additives can improve the reliability of the ensilage process. 
The fact that chemical additives are both highly corrosive to expensive farm 
machinery and hazardous to handle has prompted the development of 
alternative silage additives. Bacterial inoculants were developed to provide a 
source of homofermentative lactic acid bacteria. 
The objective of this study was to develop a bacterial silage inoculant that would 
improve the efficiency of ensilage of a crop. An inoculant termed SilCare II was 
developed. SilCare II, comprised a ratio of three L. plantarum L71 cells to 
every one P. pentosaceus P826, was always applied in the presence of molasses 
at the rate of 9 ml kg-' herbage. The freeze-drying of SilCare II in the presence 
of rehydrated skimmed milk was found to be the most successful protectant for 
preserving the cultures, both during the freeze-drying process and over a long 
storage period. Freeze-dried SilCare II preserved herbage more successfully 
than a commercially available inoculant, Lactomoim, or an untreated control. 
Improvements in the efficiency of the ensilage process were achieved by 
increasing the application rate of the inoculant to the herbage. However, large 
scale ensilage experiments indicated that the inoculant had little effect on the 
fermentation of herbage in bunker silos. Animal trials using grey-faced wether 
lambs indicated that SilCare II did not significantly improve the nutritional 
quality of the silage. 
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Objectives. 
The principal objective of this study was to develop an improved bacterial silage 
additive. This would be compared with the efficiency of ensilage of a crop using a 
commercial inoculant, Lactomoi m. Lactomol contains a freeze-dried preparation 
of bacterial cultures and is always applied in the presence of molasses. To achieve 
this objective the following aims were decided: 
To select the most suitable silage microorganisms from a culture collection of 
lactic acid bacteria. Subsequent combination of the selected cultures, formed the 
silage inoculant, SilCare. 
To determine whether the ensilage capabilities of SilCare could be improved by 
the addition of molasses and by altering the ratios of the constituent cultures. 
To improve comparability of studies between Lactomol and SilCare by freeze-
drying the latter. 
To achieve optimal survival during the freeze-drying process and improve long 
term storage of cultures. 
To determine whether the freeze-drying of SilCare affected the efficiency of 
ensilage. 
To determine whether the efficiency of ensilage of SilCare could be affected by 
using different protective media during the freeze-drying process. 
To determine whether increased application rates of SilCare improved the 
efficiency of ensilage. 
To determine how effective SilCare was at ensiling herbage in bunker silos. 




Ensilage is an important process by which a crop can be preserved at its 
optimum stage of growth. This enables the crop to be fed as silage during the 
winter when it is normally unavailable (McDonald, 1981; Woolford, 1984). It was 
estimated that between 1975 and 1985 silage production increased by 6% per 
annum in the U.K. whilst hay production declined (Wilkinson, 1987). Silage has 
advantages over hay in that it has a higher digestibility and nutritional value 
(McDonald, 1981). The objectives of ensilage are to supply a product of similar 
nutritional value to the original herbage and to achieve this with the minimum 
loss of nutrients. These are achieved by creating and maintaining anaerobic 
conditions in the silo, and reducing the pH of the herbage rapidly to a low value 
(McDonald and Whittenbury, 1973). The process of ensilage is ideally carried 
out in a hermetically sealed container e.g. a silo, where trapped oxygen is )( 
removed by respiring plant enzymes, thus creating anaerobic conditions (Allen 
and Harrison, 1937; McDonald, 1981). The main aim of consolidation and 
sealing in this type of silo is to prevent re-entry and circulation of air during 
storage (McDonald and Whittenbury, 1973) thus inhibiting the growth of the 
aerobic microorganisms (Woolford, 1972). 
Silage is produced by the natural or controlled fermentation of grass or other 
materials of high moisture content (McDonald and Whittenbury, 1973; 
Woolford, 1984). Normally during ensilage bacteria produce lactic, acetic and 
butyric acids which cause a reduction in the pH and prevent the growth of the 
spoilage microorganisms e.g. Enterobacteriaceae and clostridia. The efficiency 
of the preservation is improved if a greater proportion of the acids is in the form 
of lactic acid (Woolford, 1978a). Lactic acid is mainly formed by the 
fermentation of water soluble carbohydrates in the herbage e.g. glucose, fructose,, 
Fd 
sucrose and fructans by the lactic acid bacteria (LAB) (Ohyama et al., 1973a; 
Woolford, 1972). Consequently, the higher the proportion of LAB the more 
lactic acid will be formed, resulting in a quicker decline in the pH and inhibition 
of the spoilage organisms. Under these ensiling conditions the microbial 
composition of the silage changes from Gram-negative to Gram-positive 
(Ohyama et al., 1971). Successful preservation can therefore be achieved either 
by encouraging the LAB to dominate the fermentation resulting in a rapid fall 
in pH and the inhibition of the deleterious bacteria, or alternatively by 
inhibiting the microbial activity with chemical additives (Henderson and 
McDonald, 1984). 
The following groups of microorganisms have been recognized as being 
important in the ensilage process: lactic acid bacteria; endospore-forming 
bacteria (clostridia and bacilli:); Enterobacteriaceae; and the fungi (yeasts 
and the filamentous fungi). Each group is discussed in terms of its effect on the 
silage fermentation. Propionic acid bacteria and Listeria spp. have been 
infrequently isolated from silage and will be discussed in less detail. 
1.1 Lactic acid bacteria. 
The LAB were initially classified by Orla-Jensen (1919) into six genera 
(Betabacterium, Streptobacterium, Thermobacteriurn, Betacoccus, Streptococcus 
and Tetracoccus), although Beijerinck had discovered lactobacilli in 1901 
(Sneath et al., 1986). Of Orla-Jensen's six original genera only Streptococcus 
remains. The LAB are now composed of four genera; Streptococcus, 
Pediococcus, PeptostreptocOCCUS, Leuconostoc and Lactobacillus (Gibson et al., 1958). Schleiffer and 
Kilpper-Balz (1984) proposed that S. faecalis and S. faecium should be 
transferred to the genus Enterococcus. Sneath et al. (1986) included these two 
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organisms in the group Enterococcus stating that they have the ability to reduce 
the pH of glucose broth to 4.2-4.6 and have a high minimum growth 
temperature of 20-22°C. In comparison, lactic acid streptococci e.g. S. lactis can 
grow at 100C or less, but not at 45°C, and have an optimum growth temperature 
of 300C  (Sneath et al., 1986). Schleifer et al. (1986) further proposed that the 
lactic streptococci e.g. S. lactis could be reallocated into the genus Lactococcus. 
The term streptococci will be used when referring to these organisms as a whole 
so as to avoid confusion. The streptococci do not possess cytochromes, 
however E. faecalis can synthesis cytochromes if grown aerobically in the presence 
of haematin (Bryan-Jones and Whittenbury, 1969). 
The LAB are microaerophilic, Gram-positive, asporogenous microorganisms 
which grow at an optimum temperature of 30-40°C, although they can grow 
between 2-53°C. They prefer acidic conditions and have an optimum pH range 
of 5.5-6.2. In neutral or alkaline conditions their growth is often reduced 
(Sneath et al., 1986). The LAB metabolize the water soluble carbohydrates 
(WSC) present in herbage e.g. glucose, fructose and sucrose to acids. They are 
capable of acid production even after growth has ceased and/or when the 
.population is in decline (Gibson et al., 1958; Langston et al., 1962). The mode 
by which they ferment the WSC to acids has allowed them to be categorized 
into two groups. The Pediococcus and Streptococcus spp. are homofermentative, 
and Leuconostoc spp. are heterofermentative; Lactobacillus spp. can be either, 
depending on the species involved. The lactic acid bacteria can be further 
subdivided by their morphological into rods and cocci (Beck, 1978). Table 1.1.1 
shows the classification of silage LAB according to their morphology and 
fermentative pathways (Beck, 1978; McDonald, 1981; Woolford, 1984). 
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The homofermentative metabolism of the LAB was demonstrated by Wood 
(1961). Radioactive-labelling experiments by Gibbs et at. (1950) showed that 
90% of plant hexoses were converted into lactic acid by the Embden-Meyerhof-
Parnas glycolytic pathway (Figure 1.1.1). The results from this study indicated 
that lactic acid was derived entirely from two molecules of pyruvate whose 
carbon atoms arose from hexoses, e.g. glucose, and not from carbon dioxide 
fixation. 
Table 1.1.1 Classification of the lactic acid bacteria, important in 
silage, by their morphology and fermentative pathways. 
Morphology 	HOmofermentative 





















The lactic acid produced by LAB can be either D(-), L( +) or a mixture of DL 
lactic acid (Table 1.1.2). The stereoconfiguration of the lactic acid depends on 
the lactate dehydrogenase involved, as a separate stereospecific lactate 
dehydrogenase is required for each of the different isomers. Mixtures of 
isomers arise if organisms possess both stereospecific lactate dehydrogenases, 


















2 NADH + 
2 NAD 4 
2 Lactic acid 
NAD 	: Nicotinamide adenine deoxyribonuclease 
ATP : Adenine triphosphate 
ADP 	: Adenine diphosphate 
(McDonald, 1981; McDonald and Whittenbury, 1973;Wood, 1961). 
of L( +) lactic acid followed by racemisation (Garvie, 1967). Usually L( +) 
lactic acid is produced by streptococci, whereas the opposite configuration is 
produced by the members of the genus Leuconostoc. Pediococci and 
heterolactobacilli produce mixtures of isomers. Among the homofermentative 
lactobacilli great variation exists in the type of lactic acid produced (Table 1.1.2) 
(Gasser et al., 1970; Wood, 1961). However, old cultures and low pH values 
both favour the formation of D(-) lactic acid (Garvie, 1967). L. planrarum 
forms D(-) and L( +) lactic acid using two stereospecific, nicotinamide adenine 
dinucleotide (NAD)-dependent lactate dehydrogenases (Dennis and Kaplan, 
1960). Those organisms which produced D(-) lactic acid formed it exclusively. 
In contrast, the L( +) lactate formers always produced a few percent of the 
other isomer (Garvie, 1980; Stetter and Kandler, 1973). Streptococci only produce 
U) lactic acid (Garvie, 1980). 
Table 1.1.2 Configuration of lactic acid produced by the lactic acid 
bacteria. 




Streptococcus spp. 	L( +) 
L. lactis 	 D(-) 
L. plantarum 	 DL 
L. casei 	 L(+) and D(-) 
Pediococcus spp. 	 DL 
L. brevis DL 
L. buchneri DL 
L. fermenti DL 
Leuconostoc spp. D(-) 
During ensilage most of the lactic acid produced is in the D(-) form (Ataku et 
al., 1985; Schaadt and Johnson, 1968). Proportions of lactic acid isomers in the 
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silage can be affected by the use of different treatments. Schaadt and Johnson 
(1968) found that treatment of corn silage with limestone or limestone and urea 
caused a decrease in the proportion of L( +) isomer during the early stages and 
an increase towards the end of the fermentation. Rauramaa et al. (1987a) 
compared the ratio of D(-) to L( +) lactic acid in herbage treated with either an 
inoculum of L. plantarum or formic acid. The results showed that both D(-) and 
L( +) lactic acid were formed during ensilage but that the L( +) lactate 
predominated in bacterial inoculated silages. However, L. plantarum which is 
the most abundant of the lactobacilli in silage produces more of the D(-) lactate 
isomer, approximately 50% of the total, than the L(+.) (Garvie, 1967). Studies 
have shown that D(-) lactic acid is less efficiently utilized by ruminants than 
L( +) lactic acid, suggesting that it is nutritionally inferior (Cori and Con, 1929; 
Hinkson et al., 1967; Newbold et al., 1984). Chamberlain et al. (1983) disagreed 
with this and showed that both L( +) and DL- isomers of lactic acid were. 
metabolized at the same rate in the rumen. 
LAB are facultative anaerobes and in aerobic conditions use oxygen as a 
terminal hydrogen acceptor forming hydrogen peroxide. This relieves pyruvate 
of its oxidant function, allowing the formation of an additional adenine 
triphosphate (ATP) molecule. Theoretically, aerobic utilization of hexoses 
should provide LAB with more energy for growth. This was confirmed by the 
results of Kibe et al. (1977) and Bryan-Jones and Whittenbury (1969). Lucey 
and Condon (1986) compared the growth of Leuconostoc strains when in broth 
medium, with and without aeration. Aerated cultures were found to grow faster 
and produce more biomass. Bryan-Jones and Whittenbury (1969) showed that 
in the presence of oxygen homo.fermentative LAB could produce lactate, 
acetoin and acetate. Lactic acid is the major product when L. plantarum cells 
are grown aerobically with sufficient levels of glucose (Condon, 1987). In 
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situations where all the glucose is utilized the bacteria convert the resultant 
lactate into acetate (Condon, 1987; Lindgren et al., 1990). 
Heterofermentative LAB metabolize glucose to numerous end-products (e.g. 
lactic acid, ethanol, acetic acid and carbon dioxide) and fructose to the same 
products plus mannitol (Figure 1.1.2) (McDonald et al., 1968). Initially, the 
pentose-phosphate pathway is followed forming glyceraldehyde-3-phosphate 
and acetyiphosphate. Glyceraldehyde-3-phosphate is then converted to lactic 
acid via the homolactic pathway. Acetyl phosphate acts as a hydrogen 
acceptor and is reduced to ethanol; Usually large quantities of 
ethanol in silage have been attributed to yeasts but the heterolactic 
fermentation is also responsible (Henderson et al., 1972). Fructose is fermented 
simultaneously by two pathways resulting in the formation of lactic acid, acetic 
acid, mannitol and carbon dioxide. As lactic and acetic acids are formed from 1 
mole of fructose, 2 moles of fructose are reduced to 2 moles of mannitol. Of the 
heterofermentative LAB, L. brevis is known to follow a different metabolic 
pathway as it lacks the enzyme acetaldehyde dehydrogenase, making it unable 
to ferment glucose anaerobically (Bryan-Jones, 1969). However, if fructose is 
used as a hydrogen acceptor then glucose can be fermented to acetic acid, lactic 
acid, mannitol and carbon dioxide. The heterofermentative LAB are 
undesirable in silage as they use a less efficient acid-producing pathway than the 
homofermentative LAB (Fenton, 1987). 
In silage, pentoses are produced both by acid hydrolysis (Dewar et al., 1963) and 
by the action of plant hemicellulases (McDonald et al., 1968). Both homo- and 
hetero- lactic bacteria, including L. brevis, ferment pentoses by the hexose 
monophosphate pathway, converting 1 mole of pentoses to a mixture containing 
equimolar proportions of lactate and acetate (Figure 1.1.3) (McDonald et al., 
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1968; Wood, 1961). 
During ensilage the organic acids, particularly malic and citric acid, are readily 
dissimilated by the enzymes of the homo- and hetero- fermentative LAB to 
lactate, formate, acetate, ethanol, 2,3-butanediol, carbon dioxide and acetoin 
(Table 1.1.3) (Fennessy and Barry, 1973; Hirst and Ramstad, 1957; 
McDonald et al., 1968; Playne et al., 1967; Whittenbury, 1965a; 
Whittenbury et al., 1967; Woolford, 1984). Fennessy and Barry (1973) found 
that in a grass/clover mixture 2.4% of the silage dry matter was composed of 
2,3-butanediol and this level was unaffected by formaldehyde treatment. 
Table 1.13 Dissimilation of organic acids by LAB. 
Citric acid 	-, 	 2 Acetic acid + Formic acid +CO2 
or 
2 Citric acid 	- 	2 Acetic acid + Acetoin + 4CO2 
or 
2 Citric acid 	-, 	 3 Acetic acid + Lactic acid + 3CO 2 
Malic acid 	- 	Lactic acid +CO2 
or 
2 Malic acid 	- 	Acetoin + 4CO2 
or 
Malic acid 	-, 	 Acetic acid/Ethanol + Formic acid +CO2 
(McDonald et al., 1968; Whittenbury et al., 1967; Woolford, 1984) 
The use of the homofermentative pathway for the fermentation of hexoses is 
favoured as it is more efficient at producing lactic acid (Beck, 1978). A pH of 
4.2 or below has been suggested as the critical value necessary for the successful 
preservation of a silage (Carpintero et al., 1969; Wieringa, 1966). It is essential 
that the pH of a silage is reduced as rapidly as possible to this level to ensure 
the inhibition of the activities of the plant enzymes and the deleterious 
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microorganisms which will be discussed in detail later. 
LAB are known to be non-proteolytic but some species e.g. L. plantarum and 
E. faecalis have a limited ability to catabolize amino acids, nucleotides and 
vitamins for growth: specificity varies between species (Sneath et al., 1986). In 
silage, LAB are dependent on obtaining all amino acid requirements from the 
cell sap of plants (Brady, 1966a). Approximately 2-3 h after ensilage 
commences there is a marked subsidence in the silage mass due to cell 
breakdown (Greenhill, 1964b). This process is accompanied by a rapid increase 
in the growth of the LAB due to the extensive release of cell sap (Greenhill, 
1964b). Of the amino acids present in plant juices it has been suggested that 
LAB require lysine and arginine for growth and the absence of these amino 
acids may be rate limiting (Brady, 1966a; Sneath et al., 1986). The addition of 
lysine to a growth medium improved the growth of L. brevis and the 
Pediococcus spp., but not L. plantarum which required an arginine supplement 
(Brady, 1966a). Heron et al. (1986) attributed the decrease in the arginine, 
from the largest fraction of amino acid nitrogen on the original grass to the 
smallest after ensuing, to the action of certain strains of LAB. This confirmed 
the results of MacPherson and Violante (1966a) who found that in most silages, 
at the end of the ensilage period, the arginine and lysine content was very small. 
The degradation of arginine and lysine is dependent on the bacterial flora and 
the rate of acidification in the early stages rather than the final pH 
(MacPherson and Violante, 1966b). Serine and arginine are catabolized by 
L. plantarum and E. faecalis, and L. brevis and the Pediococcus spp. respectively 
(Brady, 1966b; Heron et al., 1986). Serine is decomposed to acetoin, ammonia-
nitrogen and carbon dioxide, whereas arginine is decomposed to ornithine, 
ammonia-nitrogen and carbon dioxide (Oginsky and Gehrig, 1953). Only 
ornithine is produced in considerable amounts by the silage LAB (Brady, 
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1966b). Other amines, apart from ornithine, e.g. putrescine and cadaverine 
have also been isolated from silage (MacPherson and Violante, 1966a; Hughes, 
1970). Amino acid decarboxylases do not occur widely in the genus 
Lactobacillus. However, strains that possess L-histidine, L-lysine and L-
ornithine decarboxylases have been isolated from strongly acidic conditions 
(Rodwell, 1953). Recsei and Snell (1972) suggested that the survival of these 
organisms in such conditions was due to amino acid decarboxylases neutralizing 
intracellularly the acidic products of anaerobic carbohydrate fermentation. 
Although, LAB are capable of producing ammonia-nitrogen from amino acids 
they can also take up ammonia to produce cell nitrogen (Brady, 1966b). The 
uptake of ammonia is relatively small in comparison to the production of 
ammonia during ensilage, therefore it is unlikely to have little effect on reducing 
the overall ammonia content (Brady, 1966a; 1966b). 
The LAB present in silage are known to produce macromolecular antibiotics 
which inhibit Gram-positive organisms e.g. Bacillus cereus, Clostridium 
peifringens, S. cremois (Babel, 1977; Lindgren and Clevström, 1978; Shahani 
and Chandan, 1979; Tagg et al., 1976). Variations exist between different 
strains of the same species of LAB in their production of antibacterial 
substances (Shahani and Chandan, 1979). Pucci et al. (1988) showed that a 
bacteriocin produced by a strain of Pediococcus acidilactici had an inhibitory 
and bactericidal effect on Listeria monocytogenes. 
1.2 Endospore-forming bacteria. 
1.2.1 Clostridia. 
Clostridia are Gram-positive rods which form oval or spherical endospores and 
usually grow under anaerobic conditions (Sneath et al., 1986). However, these 
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organisms can grow in the presence of oxygen if a sufficiently low oxidation-
reduction potential is established in the medium (McDonald, 1981). The genus 
contains more than 100 species (Sneath et al., 1986) but only seven have been 
identified as likely to be important in silage (Gibson, 1965). In silage, clostridia 
can be of either one of the following physiological types, saccharolytic or 
proteolytic (Beck; 1978; Bryant et al., 1952). However, this differentiation is 
not clear cut as Nisman (1954) showed that Clostridium acetobulylicum and 
C. butyricum were also capable of proteolytic activity. When Mead (1971) 
studied these cultures further, his results indicated they were saccharolytic and 
were only proteolytic when grown under certain conditions. An exception is C. 
perfringens which occurs infrequently in silage and has both high saccharolytic 
and proteolytic activities (McDonald, 1981; Woolford, 1984). 
Saccharolytic clostridia metabolize carbohydrates or organic acids to butyric 
acid, carbon dioxide and hydrogen, and have little if any proteolytic activity 
(Figure 1.2. 1) (Sneath et al., 1986; Woolford, 1984). Formate, acetate, 
propionate, ethanol and n-butanol can also be produced by minor metabolic 
pathways but not until the pH has decreased, during the later stages of the 
fermentation (Wood, 1961). Where saccharolytic clostridia dominate it is usual 
to find little or no lactic acid or WSC remaining at the end of the ensilage 
period but large quantities of butyric acid are present and this adversely alters 
the taste of the silage (McDonald, 1981). The production of butyric acid is 
assumed to be caused solely by Clostridium spp., however, yeasts and Bacillus 
spp. are also known to produce small amounts (Kibe et al., 1977; Woolford, 
1984). The saccharolytic clostridia that normally dominate silage are 
C. butyricum, C. paraputrificum and C. lyrobulyricum (Gibson et al., 1958; 1961). 
C. tyrobutyricum has been identified as the causal agent of butyric acid 
formation in silage (van Beynum and Pette, 1934; 1939) but only develops in 
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Figure 1.2.1 Fermentation of lactic acid and 
glucose by saccharolytic clostridia. 
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(McDonald, 1981; Wood, 1961; Woolford, 1984). 
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the presence of lactic acid. The ability to utilize lactic acid and the inability to 
ferment more than a few sugars was used to differentiate it from C. butyricum 
(van Beynum and Pette, 1934); later workers disagreed with this differentiation 
(Richard, 1948; Ritter et al., 1963). Gibson (1965) considered the two species 
to be separate, as the former had shorter and wider cells, grew slower in glucose 
agar with a weaker gas formation, and fermented fewer sugars. Pure cultures of 
saccharolytic clostridia can only ferment lactate in the presence of acetate or 
pyruvate (Bhat and Barker, 1947; Bryant and Burkey, 1956; Gibson, 1965; 
Gibson et al., 1958; Rosenberger, 1956; Tabachnick and Vaughn, 1948) 
indicating that saccharolytic clostridia require a hydrogen acceptor, fulfilled by 
carbon dioxide when in the presence of other microorganisms (Rosenberger, 
1951). 
The presence of saccharolytic clostridia is undesirable in two respects. Firstly, 
they compete with the LAB for any available carbohydrates, and secondly they 
ferment organic acids thus acting against the silage preservation. The formation 
of butyric acid by both these processes causes a rise in the pH of the silage 
(Gibson, 1965). Initially the pH decreases as normal but the metabolism of two 
moles of lactic acid to one of the weaker butyric acid eventually causes it to rise 
(van Beynum and Pette, 1934). Kemble (1956) treated perennial ryegrass 
(Lolium perenne) with separate suspensions of clostridia and lactobacilli. The 
lactobacilli caused the pH to fall from 6.1 on the ensuing day to 4.2 after 24 h 
with a final value of 3.9. In comparison, the pH of the clostridial-treated silage 
initially decreased but after 21 d ensilage an increase was recorded, resulting in 
a final pH of 7.3. The rise in pH makes conditions favourable for the growth of 
the proteolytic clostridia which prefer higher pH conditions than the 
saccharolytic clostridia (Woolford, 1984). 
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Of the proteolytic clostridia C. sporogenes and C. bifermentans are usually 
associated with silage, although a few, C. tetani, C. tetanomorp hum and C. 
perfringens (C. welchii), have also been isolated (Gibson et al., 1961; Ohshima 
and McDonald, 1978; Woolford, 1984). Proteolytic clostridia ferment amino 
acids by three different biochemical processes: deamination; decarboxylation; 
and coupled oxidation-reduction known as the Stickland reaction (Ohshima and 
McDonald, 1978; Sneath et al., 1986; Whittenbury et al., 1967; Woolford, 
1984). In the Stickland reaction one amino acid is reduced while another is 
oxidized (Figure 1.2.2) (Stickland, 1934). Some of the amino acids oxidized by 
this reaction are alanine, leucine, valine, histidine, serine, tryptophan, tyrosine, 
asparagine, isoleucine, phenylalanine; whereas arginine, aspartic acid, cysteine, 
glycine, methionine, orthinine, proline, tryptophan and tyrosine are reduced 
(Ohshima and McDonald, 1978). Examples of such coupled deamination are 
alanine and proline, and alanine and glycine (Nisman, 1954). The oxidized 
amino acids are converted into fatty acids with one less carbon than the original 
amino acid, while the reduced amino acids form a fatty acid with the same 
number of carbon atoms as the original compound (Cohen-Bazire et al., 1948). 
Ammonia-nitrogen is liberated from both types of reaction, except where 
proline is involved (Barker, 1961; Ohshima and McDonald, 1978). Proline is 
deaminated to 8-aminovaleric acid, whereas, alanine and glycine are 
deaminated to mainly acetic acid and ammonia (Stickland, 1934; 1935a; 
1935b; 1935c). Nearly all bacterial species identified as degrading amino acids 
by coupled deamination belong to the genus Clostridium (Clifton, 1940; Woods 
and Clifton, 1937; Woods and Trim, 1942). 
The extensive formation of ammonia-nitrogen during ensilage is mainly 
attributed to the action of clostridia rather than plant enzymes or other silage 
microorganisms which only produce small quantities (Kemble, 1956). Higher 
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ammonia-nitrogen levels have been recorded for the clostridia-treated 
compared to lactobacilli-treated silages (Kemble, 1956). Ammonia-nitrogen 
levels are therefore indicative of the extent of clostridial contamination and 
consequently amino acid degradation. However, not all amino acids are broken 
down by clostridia. Larger quantities of alanine have been detected in resultant 
silages than in the original herbage (Ohshima et al., 1979), even in the presence 
of clostridia which are known to degrade it (Ohshima and McDonald, 1978). 
Mead (1971) found that certain amino acids were produced or not utilized by 
some Clostridium spp. In butyrate silages branched-chain amino acids e.g. 
valine, leucine and isoleucine, and variable amounts of the derivative amines 
e.g. isobutyric acid, isovaleric acid and a-methylbutyric acid have been detected 
(Ohshima et al., 1979). Branched-chain amino acids are therefore synthesized 
during ensilage as well as being degraded by the Stickland reaction of clostridial 
enzymes. Other amines e.g. glucosamine, -aminobutyric acid, a-alanine, 
histamine, tryptamine, tyramine, putrescine, cadaverine, ethanolamine, &-amino 
valeric acid have all been detected in silage (Hughes, 1970; 1971; MacPherson, 
1962; MacPherson and Violante, 1966a; Neumark, 1967; Ohshima et al., 
1979). Amines, particularly histamine, have been shown to reduce the food-
intake of animals (Neumark, 1967). Dain et at. (1955) showed that histamine 
and tyramine were the toxic constituents of the rumen ingesta of sheep and that 
high levels of histamine were fatal. However, when McDonald et al. (1966), 
carried out sheep trials, they found that there was no difference between the 
digestibility of all the silages, with or without the addition of histamine. 
The presence of large quantities of ammonia in the rumen, either due to 
clostridial activity in the silage or deamination of amino acids in the rumen is 
undesirable as it can lead to poor nitrogen utilization (Valentine and Brown, 
1973) and a reduction in the nutritional value of the silage (Gibson, 1965; 
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Gibson et al., 1958; McDonald, 1981; Seale et al., 1982; Whittenbury, 1968; 
Woolford, 1984). Excess ammonia-nitrogen which is not converted to microbial 
protein due to the lack of enough available energy passes through the rumen 
wall into the blood stream and is later converted to urea (McDonald et al., 
1988). An increase in microbial protein production is advantageous as it leads 
to an increase in protein deposition by ruminants (McDonald et al., 1988). 
The suppression of clostridial activities is essential as they can cause the 
production of ammonia and butyric acid in silage. The presence of these 
substances indicates a silage of reduced nutritional value with a high pH and an 
unpleasant smell. It has been suggested that the optimal growth conditions for 
clostridia are a pH range between 7.0-7.4 and a dry matter content of 300 g kg -1  
FM or less (Gibson, 1965; McDonald, 1981). Inhibition of clostridial activity 
can be achieved either by a lactic acid fermentation resulting in a decline in the 
pH of the silage, or by reducing the moisture content of the plant material 
(Bryant et al., 1952; Gibson, 1965). However, some herbages e.g. legumes are 
particularly prone to clostridial fermentation as they have a high buffering 
capacity, which requires the presence of larger quantities of lactic acid to 
achieve the critical pH level, and a low WSC content. It is recommended that 
these crops are wilted or ensued with a suitable additive (Carpintero et al., 1969; 
McDonald and Whittenbury, 1973). 
Usually a pH of 4.2 is sufficient to inhibit clostridial growth but this value varies 
with the water activity of the plant material and this increases with increasing 
moisture content of the plant (Greenhill, 1964d). The tolerance of clostridia to 
acid and hydrogen ion concentrations increases as the material becomes wetter. 
Therefore, as conditions become wetter, a lower pH is necessary to inhibit 
clostridial development (Woolford, 1972). Greenhill (1964c) found that higher 
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moisture contents favour the growth of the lactate-fermenting anaerobes and 
the production of butyric acid. Wieringa (1958) found a positive correlation 
- between the effect of pH and osmotic pressure on the inhibition of growth when 
C. tyrobutyricum and C. bulyricum were grown in broths containing different 
sodium chloride concentrations. The tolerance of clostridia to low pH values 
decreased as the salt concentration increased. Richard (1946) suggested that it 
was the concentration of undissociated lactic acid rather than the hydrogen ion 
concentration that was responsible for the suppression of their growth. 
Decreasing the water activity of herbage used for ensuing has little, if any effect 
on the growth of L. plantarum, L. brevis and P. cerevisiae (Lanigan, 1963). 
Clostridial growth may also be inhibited by the presence of nitrite and nitric 
oxide formed from the reduction of nitrate (Spoelstra, 1983). However, many 
clostridia, including C. perfringens have been shown to grow in the presence of 
nitrates (Hasan and Hall, 1975) which are reduced to ammonia by using 
carbohydrates as an electron-donor (Spoelstra, 1983). Jacobson and Wiseman 
(1963) found that the rate of nitrate reduction was quicker in high pH butyrate 
silages than in low pH lactate silages. 
There is a poor correlation between spore numbers and the products of 
clostridial fermentation e.g. butyric acid and ammonia (Thomé and Swartling, 
1953) as they are produced by the vegetative cells. Consequently, when 
monitoring the activity of clostridia, chemical rather than microbiological 
methods are more suitable (Spoelstra, 1984). 
1.2.2 Bacillus. 
Members of the genera Bacillus and Clostridium are closely related, except that 
the former grow and form spores under aerobic conditions (Woolford, 1977) 
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rather than anaerobic conditions. However, Gibson et al. (1958) found that 
B. polymyxa was capable of spore formation in silage, essentially under anaerobic' - 
conditions. Spore position within the vegetative cell, acid, gas and acetoin 
production from glucose, and the ability or inability to hydrolyze starch are used 
for species differentiation (Woolford, 1984). The species of Bacillus isolated 
from silage include B. cereus, B. circulans, B. coagulans, B. firm us, B. lentus, 
B. lichenformis, B. polymyxa, B. pumilus and B. sphaericus (Gibson et al., 1958; 
Woolford, 1977; 1978a). 
Bacilli have a variety of fermentation products, some e.g. B. coagulans use the 
homofermentative lactic acid pathway whereas others form 2,3 butanediol, and 
glycerol or ethanol, B. licheniformis or B. polymyxa respectively (Woolford, 
1977). Woolford (1977) examined the activities of B. coagulans, B. licheniformis 
and B. polymyxa when grown on a medium designed to simulate grass with a low 
dry matter and WSC content. All the organisms produced lactic and acetic 
acids and their growth was not suppressed by these fermentation products or the 
resultant low pH. However, the separate addition of each Bacillus spp. to LAB-
inoculated silage did not cause the pH to be reduced further. He concluded 
that bacilli did not produce lactic acid to the same extent as the LAB and should 
therefore be discouraged. 
The presence of bacilli in silage is undesirable as they compete with the LAB 
for any available WSC and make little or no contribution to the fermentation 
(Woolford, 1977). Bacilli have also been identified as the principal bacteria 
involved in aerobic deterioration of silage, possessing both saccharolytic and 
proteolytic properties (Crawshaw et al., 1980; Woolford, 1978a; 1984; 
Woolford and Cook, 1978; Woolford and Wilkie, 1984). The aerobic 
deterioration of silage will be discussed in greater detail later (section 1.10). 
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13 Enterobacteriaceae. 
Enterobacteriaceae are widely distributed throughout the world and can be 
found in several different habitats e.g. soil, water and vegetables, and in animals 
from insects to man (Kreig and Holt, 1984). They are Gram-negative, 
asporogenous rods-shaped bacteria (Jones, 1988) and are able to grow in the 
presence or absence of oxygen. As facultative anaerobes they have the ability to 
metabolize carbohydrates by respiratory or fermentative pathways. The 
particular types found in silage are often referred to as the coliform bacteria 
(Allen and Harrison, 1936) and are non-pathogenic to man. The 
Enterobacteriaceae commonly associated with herbage and silage are 
Escherichia coli, E,winia herbicola and members of the genus Kiebsiella 
(Gibson et al., 1958; 1961). Aerobacter spp., Enterobacter spp. and Escherichia 
freundii have also been isolated (Woolford, 1984). 
The fermentation of carbohydrates by Enterobacteriaceae yields mainly acetic 
acid, but other products may be formed. Enterobacteriaceae are known to have 
two main types of fermentative pathways; mixed acid fermentation and 
butanediol fermentation, depending on the genus involved (Wood, 1961). The 
mixed acid fermentation (Figure 1.3.1) is a characteristic of the genus 
Escherichia and produces mainly lactic, acetic, succinic and formic acids, and 
smaller amounts of ethanol. The mixed acid fermentation is designated as such 
if sufficient acid is produced to reduce the pH of a medium to 4.5 or less. In the 
genera Enterobacter, Serratia, Kiebsiella and most Envinia spp. the butanediol 
fermentation is found (Figure 1.3.2). This type of fermentation results in the 
formation of 2,3-butanediol, ethanol and small quantities of formic acid. 
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Figure 1.3.2 Butanediol fermentation of 
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Insufficient acid is produced by this type of fermentation to reduce the pH of a 
medium to 4.5 or less. In both types of fermentation the formic acid may be 
converted to carbon dioxide and hydrogen under acidic conditions 
(Stanier et at., 1987). The pH can have a marked effect upon the 2,3-butanediol 
fermentation. Above pH 6.3, acetic and formic acids accumulate and the 
production of hydrogen, carbon dioxide, acetion and 2,3-butanediol is 
prevented. Below pH 6.3, acetic acid is converted to acetoin and 2,3-butanediol 
whilst hydrogen production is suppressed (Mickelson and Werkman, 1938). 
Silage with high acetate levels contain little or no energy value for the rumen 
microorganisms and are therefore undesirable (McDonald, 1981). In contrast, 
lactate is rapidly metabolized to propionate (Kelly and Thomas, 1978) which is 
more efficient at producing energy for tissue growth than acetate (Armstrong 
and Blaxter, 1957). High acetate levels can therefore result in poor animal 
performance (Brown and Radcliffe, 1972; Wilkins et al., 1971). 
Usually ammonia-nitrogen production is attributed to the action of the 
proteolytic clostridia but in many high ammonia silages none has been detected 
(Henderson and Seale, 1984; Seale et at., 1986). The Enterobacteriaceae have 
a weak proteolytic activity and are capable of small amounts of deamination 
and decarboxylation of amino acids, causing the production of ammonia-
nitrogen (Beck, 1978; Woolford, 1984). High initial rates of deamination have 
been found in silages exhibiting vigorous enterobacterial growth 
(Henderson et at., 1987a; Lindgren et at., 1985a; 1988). This suggests that 
coliforms could be a major producer of ammonia-nitrogen in silages, unless the 
LAB dominated in the early stages (Henderson and Seale, 1984; Seale et at., 
1986). However, Heron et al. (1987) found that the addition of different species 
of enterobacteria to silage did not increase the ammonia-nitrogen content by 
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the same extent as previously observed by Henderson and Seale (1984). 
During ensilage all nitrate which is decomposed is reduced to ammonia and 
nitrous oxide, with nitrite and nitric oxide occurring as intermediates (Ataku et 
al., 1981; Hein and Weissbach, 1977; Jacobson and Wiseman, 1963; Spoelstra, 
1983; 1985). The ammonia-nitrogen content of a silage is therefore not only an 
indicator of protein decomposition but also nitrate reduction (Hein and 
Weissbach, 1977). Under acidic conditions nitrite, one of the reduction 
products, is unstable and is partially converted to the gaseous compound nitric 
oxide. According to Hein and Weissbach (1977) only a small proportion, 
approximately 5% of the nitrite is reduced in this way. Kaiser et al. (1987) when 
found 
ensuing Lolium multiflorum Athat about 5% of the nitrate content of the silage 
was in the form of nitrogen oxides, of which 71.1-98.1% was nitric oxide. The 
stability of intermediates produced during nitrate reduction depends on the 
acidity of the fermentation medium (Hein and Weissbach, 1977). Alter three d 
ensilage Henderson and McDonald (1975) found nitrogen dioxide in silages not 
exposed to air, whereas in silages exposed to air the pH remained high and 
ammonia-nitrogen was detected. The addition of basic substances (e.g. urea, 
calcium carbonate) to silage was found to counterbalance the process of 
acidification, and increase the rate of nitrate degradation (Masuko et al., 1980; 
Uchida et al., 1979). Nitrate degradation on the other hand diminishes with 
increasing acidic conditions (Spoelstra, 1985). 
The reduction of nitrate to ammonia can be caused by plant nitrate reductase, 
enterobacteriaeae, clostridia and lactobacilli (Spoelstra, 1985). The largest 
amount of nitrate reduction occurs in the first few days of ensilage when the 
highest bacterial activity, belonging to the Enterobacteriaceae, is expected 
(Spoelstra, 1983). Thereafter, the number of Enterobacteriaceae decline due to 
27 
the increasing acidic conditions. Nitric oxide formation only occurs during this 
period when the pH is high, and has been attributed to microbial activity (Hem 
and Weissbach, 1977; Kaiser et al., 1987). For these reasons it has been 
suggested that Enterobacteriaceae may be partially responsible for nitrate 
reduction (Spoelstra, 1985). Barnett (1953) found that when studying mixtures 
of minced grass and water that Escherichia coli could reduce nitrate. Spoelstra 
(1987) found that the predominant Enterobacteriaceae isolated from grass, 
E,winia herbicola, did not affect nitrate degradation. Whereas, 
Enterobacteriaceae isolated from silage e.g. Escherichia coli, Hafnia alvei and 
Kiebsiella pneumonia increased the rate of nitrate degradation and consequently 
the concentration of nitrite and nitric oxide. 
The presence of large quantities of nitrite in the rumen is undesirable as it is 
partially absorbed into the blood stream where it converts haemoglobin to 
methemoglobin, reducing oxygen transportation and eventually causing the 
poisoning of the animal (Kemp et al., 1977). The quantity of nitrite in the 
rumen fluid is determined by the amount of nitrate in the silage, the action of 
the rumen microorganisms upon it and by the degradation of nitrate by 
Enterobacteriaceae prior to feeding (Kemp et al., 1977). Despite this the 
presence of nitrite and nitric oxide may be advantageous as they are known to 
aid in the inhibition of clostridial activity (Spoelstra, 1983). However, many 
clostridia are capable of utilizing nitrate e.g. C. tyrobuzyricum (Roux and 
Bergère, 1977) and in the presence of nitrate the growth of C. perfringens is 
known to increase (Hasan and Hall, 1975). 
Growth of the Enterobacteriaceae should be inhibited as quickly as possible as 
they compete with the LAB for any available WSC which they convert to acetic 
acid, degrade amino acids to ammonia-nitrogen and reduce the nitrate content 
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of silages. The presence of Enterobacteriaceae may therefore result in a silage 
of poor nutritional value, with a low energy potential and the capacity to poison 
animals. In addition, Enterobacteriaceae are also known to have the ability to 
produce endotoxins (Dutkiewicz et al., 1989; Lindgren et al., 1988). 
Enterobacteriaceae found in silage have an optimum growth pH of 
approximately 7.0 (McDonald, 1981). Lindgren et al. (1985a; 1988) observed 
falls in Enterobacteriaceae numbers as the pH decreased. Consequently, 
enterobacteria are usually only active during the early stages of ensilage when 
the pH is relatively high (Brierem and Ulvesli, 1960; Nilsson, 1956; 
Whittenbury, 1968). On the other hand, Chamberlain and Quig (1987) found 
high numbers (greater than 10 5 after six d ensilage) of Enterobacteriaceae in 
formic acid-treated silages. But the number of Enterobacteriaceae detected 
varied with the application rate of the formic acid. Formic acid levels of 2 1 
tonne-1 and 6 1 tonne-' both produced well-preserved silage, whereas formic acid 
levels of 4 1 tonne' produced a badly fermented silage. The sooner lactic acid is 
produced by the LAB causing a reduction in pH the more rapidly their activities 
will be inhibited. 
1.4 Fungi. 
Fungi are eukaryotic and thus have a discrete membrane-bound nucleus; a range 
of internal membrane systems and membrane-bound organelles. In contrast, 
bacteria which are prokaryotic lack a discrete nucleus and membrane-bound 
organelles. Fungi and bacteria are also different with respect to their antibiotic 
resistance and cell wall composition, which contains mainly chitin. Penicillins 
and vancomycin are specific inhibitors of bacterial cell-wall synthesis, whereas 
polyoxin D has an equivalent effect on fungi; chloramphenicol inhibits protein 
synthesis in bacteria, whereas cycloheximide acts in the same way on fungi 
(Deacon, 1980). 
Fungi can grow as hyphae forming multicellular filamentous colonies, the 
filamentous fungi or moulds, or as single cells, the yeasts. They can absorb 
nutrient through their walls and excrete extracellular enzymes e.g. proteases, 
lipases, amylases and cellulases to degrade polymers that cannot be absorbed 
(Deacon, 1980; McDonald, 1981). Sugar and sugar-derivatives are metabolized 
by glycolysis which can occur by one of three pathways; the Embden-Meyerhof-
Parnas, the hexose monophosphate, or the Entner-Doudoroff  pathway. The 
Embden-Meyerhof-Parnas pathway is the most common route of energy 
production used by fungi. Lipids can be produced from intermediates of 
glycolysis, and aromatic amino acids or nuclei acids can be produced from 
intermediates of the hexose monophosphate pathway. 
In glycolysis, energy in the form of ATP is generated when reduced coenzymes 
e.g. NADH2 and NADPH 2 are reoxidized. The majority of fungi are strict 
aerobes as they require oxygen to grow which is used by the coenzymes as a 
terminal electron acceptor; this pathway is termed respiration. Some fungi can 
grow under anaerobic conditions whereby they use organic compounds as both 
electron donors and electron acceptors; this process is termed fermentation. 
Growth continues under these conditions until lactic acid or ethanol 
accumulates to toxic levels. The ethanol fermentation is by far more common 
than the lactic acid fermentation. Fermentation in comparison to respiration is 
less efficient and consequently results in reduced energy production and growth 
(Deacon, 1980). 
Traditionally fungi present on plants prior to harvesting have been referred to 
as field fungi (Lacey, 1989). Their presence in silage, particularly the yeasts, is 
undesirable as they play a major role in the aerobic deterioration process of 
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silage which will be discussed in detail later (section 1.10). 
1.4.1 Filamentous fungi. 
Filamentous fungi or moulds, as they are more commonly known, can survive 
only under aerobic conditions (Woolford, 1972), and are thought to be of no 
significance in the silage fermentation (Woolford, 1984). For this reason 
filamentous fungi are generally associated only with the sides and surfaces of 
the silage which due to imperfect sealing methods are exposed to air (Escoula 
and le Bars, 1973; McDonald, 1981; Woolford, 1984). However, of 49 species 
of fungi isolated from silage by Escoula and le Bars (1973) 22 were found to be 
able to grow in an atmosphere of 10% carbon dioxide. Penicillium roquefortii is 
known to grow in an atmosphere of high carbon-dioxide and consequently has 
been reported as the dominant mould found in air-tight stored grain 
(Kaspersson et al., 1988). Whilst considering this, Aspergillusfiavus was found to 
be the most abundant mould in inefficiently top-sealed concrete silos (Lacey, 
1975). 
Contamination of the standing crop and germination of those spores that have 
withstood ensilage allows moulds to develop in silage (Woolford, 1984). The 
following filamentous fungi have been isolated from silage: Aspergillus 
fumigatus, A. niger, Cladosporium herbarum, Geotrichum candidum, Monilia 
sitophilia, Mucor ramannianus, Petriellidium boydii, Scopulariopsin brevicaulis, 
Trichoderma viride, Byssoc/zlamys spp., Fusarium spp., Mona.scus spp., Pen icillium 
spp., Sordaria spp... (Barry et al., 1980; Hara and Ohyama, 1979; Woolford, 
1975c). Drying and storage conditions determine which organisms will flourish 
and the extent of spontaneous heating (Lacey, 1975). Fungi found to be 
associated with heating are Absidia co,ymbifera, Aspergillus fumigatus, A. terreus, 
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Mucor pusillus, Paecilomyces variotii and the actinomycetes Streptomyces spp. 
and Thermoactinomyces vulgaris (Clarke and Hill, 1981). 
Filamentous fungi are undesirable as they not only metabolize carbohydrates 
but also use their extracellular enzymes to metabolize cellulose (Barry et al., 
1980; Deacon, 1980). Furthermore, they can produce substances known as 
mycotoxins e.g. aflatoxin which are harmful to animals (Kalate and Woolford, 
1982; Lacey, 1975). Toxin production can occur under aerobic or anaerobic 
conditions (Kala and Woolford, 1982). Aspergillusfumigatus is usually the most 
predominant mould amongst the fungi present in silage, in some cases forming 
43% of the organisms in the uppermost layer of the silage mass 
(Dutkiewicz et al., 1989; Lacey, 1975). Of all the moulds found in stored 
material it is probably the most important as it causes a respiratory disease in 
man and animals, and mycotic abortion in cattle (Lacey, 1975). The moulds 
that can produce mycotoxins or reduce nutrients in silage have been classified 
into some 12 groups of related species (Peihate, 1977). Peihate (1977) found 
that they appeared in silage in a definite chronological order which could be 
used to assess the quality and probable storage-life of the silage. 
1.4.2 Yeasts. 
Yeasts are oval or elliptical and generally reproduce by budding (Deacon, 
1980). The first detailed study of their occurrence in silage was carried out by 
Ruschman and Gräf (1932). Further studies were not carried out until Beck 
and Gross (1964) showed their importance in the aerobic deterioration of 
silage. The presence of yeasts in silage is not desirable for two reasons. Firstly, 
they compete with the LAB for WSC which they convert to ethanol, lactic acid 
and acetic acid (Figure 1.4.1) which make little if any contribution to the silage 
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Figure 1.4.1 Fermentation of glucose 
by yeasts. 
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(McDonald, 1981; Woolford, 1984). 
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preservation (Woolford, 1976) and any benefit the production of lactic and 
acetic acids may have on the preservation is offset by the action of yeasts in 
aerobic conditions. Secondly, yeasts have been recognized as the main 
organisms involved in the aerobic deterioration of silage (Crawshaw et al., 1980; 
Moon et al., 1980; Ohyama et al., 1975a; 1977; Weise, 1963; Woolford; 1990; 
Woolford et al., 1982). Numerous yeasts have been isolated from silage 
Candida parapsilosis, C. intermeda, C. krusei, C. tenuis, C. tropicalis, C. lambica, 
C. holmii, C. milleri, C. valida, C. silvicola, Ciyptococcus albidu.s, Endomycopsis 
burtonii, E. selenospora, Hansenula anomala, Pichia membranifaciens, 
Saccharomyces dairensis, S. exiguus and Trichosporon cap itatum (Barry et al., 
1980; Burmeister and Hartman, 1966; Hara and Ohyama, 1979; Jonsson and 
Pahlow, 1984; Middelhoven and Frazen, 1986; Middeihoven and van Baalen, 
1988; Middeihoven et al., 1990; Moon and Ely, 1979). However, studies of the 
yeast flora of silages have shown that different species can dominate. 
Middelhoven and Franzen (1986) reported that S. dairensis and C. miller 
dominated maize silage. In contrast, Woolford et al. (1978) found C. famata 
and C. me/mu to be most abundant in maize silage. Saccharomyces spp. e.g. 
S. cerevisiae often dominate in strictly anaerobic conditions (Jonsson and Pahiow, 
1984). However, Hansenula anomala and C. krusei have been frequently 
isolated (Burmeister and Hartman, 1966) but the temperature of the silage 
dictates which will dominate (Di Menna et al., 1981; Jonsson and Pahiow, 
1984). 
Yeasts have been classified into two main physiological groups: the bottom-
growing or sedimentary yeasts which ferment sugars and do not decompose 
acids readily, particularly lactate e.g. mainly members of the genus Torulopsis; 
and the top-growing or pellicle yeasts which have a weak fermentative action on 
sugars but utilize acids e.g. Candida, Endomycopsis, Hansenula, Pichia and 
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occasionally Saccharomyces spp. (Beck and Gross, 1964; Burmeister and 
Hartman, 1966; Jonsson and Pahiow, 1984; Woolford, 1990). Generally, if 
lactate is available aeration of the silage leads to a predominance of lactate-
utilizing yeasts, whereas extended anaerobic fermentation reduces or eliminates 
such organisms. Middelhoven and Frazen (1986) did not agree with this 
separation of the yeasts, into lactate and non-lactate utilizers. They suggested 
that the failure of yeasts to grow on lactate medium was due to too short an 
incubation time. 
Yeasts that can grow in anaerobic conditions obtain their energy by the 
fermentation of sugars. The yeasts compete with the LAB for carbohydrates 
(Jonsson and Pahiow, 1984) which they mainly ferment to ethanol (Kibe et al., 
1977; Woolford, 1976). During the formation of ethanol, pyruvate is formed 
from glucose then decarboxylated to acetaldehyde which is then reduced to 
ethanol (Figure 1.4.1) (McDonald, 1981; Deacon, 1980). Apart from ethanol, 
yeasts are known to form butyric, isobutyric, isovaleric, acetic and propionic 
acids as well as n-propanol, isobutanol, iso-pentanol and small amounts of lactic 
acid (Kibe and Kagura, 1976; Kibe et al., 1977; Woolford, 1976). 
High yeasts counts are often reported in silages with high levels of residual 
sugars (Gross and Beck, 1970). The presence of which results from either; 
inhibited fermentation (Chamberlain and Quig, 1987), the addition of large 
amounts of formic acid or grain, or wilting (Henderson et al., 1989; Jonsson, 
1989; Lindgren et al., 1985a; Pettersson and Lindgren, 1989). The presence of 
sufficient quantities of sugar is therefore very important for yeast survival, 
especially in anaerobic conditions at a low pH. Energy is required actively to 
transport the hydrogen ions released from the passively penetrating 
undissociated organic acids out of the cell (Càssio et al., 1987). Warth (1977) 
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found that transport of preservation anions from the cell had to be coupled to 
equivalent efflux of cations such as K or H+, or more directly to hydrolysis of 
ATP. Accumulation of these ions would otherwise rapidly reduce the 
intracellular or cytoplasmic pH to a fatal level (Càssio et al., 1987). Yeasts 
require energy to operate this system and therefore will only benefit from it 
when a sufficient energy source is available (Warth, 1977). The acid 
concentration in yeast cells is reduced by the addition of glucose. In silage the 
addition of glucose causes an increase in the ethanol level and sometimes yeast 
counts (Chamberlain, 1988; Seale et al., 1986). Pettersson and Lindgren (1989) 
reported similar observations from silages made from crops with a high initial 
sugar content. Jonsson (1989) found that yeasts capable of fermenting other 
sugars in addition to glucose e.g. Saccharomyces spp. could withstand anaerobic 
and acidic conditions better than C. lambica which only ferments glucose. 
Laube (1967) found that larger quantities of ethanol were present in aerated 
silages. It has been suggested that yeasts may produce more ethanol when in 
the presence rather than the absence of air (Woolford, 1984). 
Although, the presence of ethanol is usually attributed to the action of yeasts it 
may also be due to heterolactic fermentation by the LAB (Henderson et al., 
1972) or be produced by the Enterobacteriaceae (S. J. E. Heron, pers. comm.). 
Jonsson and Pahlow (1984) found that in anaerobic conditions the number of 
lactate-utilizing yeasts fell continuous to a level below the limit of detection. 
They found that the lactate-utilizing flora of anaerobic samples was comprised 
of Candida lambica, Saccharomyces exiguus and the ascogenous form of 
Torulopsis holmii. Both the latter two are lactate-utilizing, glucose-, galactose-
and sucrose- fermenting yeasts. After 90 d of ensilage Candida spp. were no 
longer detectable. 
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In aerobic conditions, the lactate-assimilating yeasts e.g. Candida spp., 
Hansenula spp. dominate if lactic acid is present (Jonsson and Pahiow, 1984). 
In these conditions the yeasts respire in a similar way to plants. However, their 
phosphorylation system is not thought to be as efficient (White et at., 1978) as 
the coupled site associated with the first step in NADH oxidation may be 
lacking. They completely oxidize carbohydrates to carbon dioxide and water 
(McDonald, 1981). Yeasts are capable of metabolizing complex organic 
substances such as pentoses, polysaccharides, sugar alcohols (e.g. mannitol) and 
organic acids (Davis et at., 1980). Yeasts isolated from silage e.g. Hansenula 
anomala and Candida krusei have only been found to consume organic acids 
under aerobic conditions (Burmeister and Hartman, 1966; Middelhoven and 
Frazen, 1986; Moon and Ely, 1979). The presence of glucose under aerobic 
conditions might inhibit the lactate-assimilatin:g activity of yeasts. As the 
proton-lactate symport used by these yeasts, for the active transport of lactate, is 
known to be repressed by glucose (Càssio et al., 1987). Càssio et al. (1987) 
found that undissociated lactic acid enter the cell by simple diffusion. The 
permeability of the plasma membrane for the undissociated lactic acid 
increased exponentially with pH and the diffusion constant increased 40-fold 
when the pH was increased from 3.0 to 6.0. Yeasts transport lactate by a proton 
symport (Eddy and Hopkins 1985; Ledo and van Uden, 1986) and the symport 
also accepts the following: acetate, propionate and pyruvate (Ledo and van 
Uden, 1986; Càssio et al., 1987). The accumulation of propionate increases 
with decreasing pH (Càssio et al., 1987). Some yeasts e.g. C. famata, 
Geotrichum candidum and H. anomala not only have the ability to metabolize 
lactic acid and ethanol but also minor products of bacterial metabolism e.g. 2,3-
butanediol and acetoin, but not diacetyl (Middelhoven and van Baalen, 1988). 
Xylose can be metabolized by H. anomala and C. lambica. This is particularly 
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important in the latter stages of ensilage when carbohydrate levels are depleted 
and xylose is present due to acid hydrolysis or the action of hemicellulases 
(Jonsson and Pahlow, 1984). Chamberlain (1987) also found that the yeast 
growth was not discouraged by the additon of xylose to a silage. 
Nitrogen is obtained by yeasts from both organic and inorganic sources, and 
most species are capable of utilizing the ammonium ion (Davis et at., 1980; 
Holmes et at., 1989). Kibe et al. (1977) suggested that when yeasts were 
synthesizing leucine, isoleucine and valine in aerobic conditions they also 
produced aliphatic alcohols, especially iso-pentanol. 
McDonald et at. (1968) reported high yeast counts in high DM silages suggesting 
that yeasts prefer thy conditions. Prewilting of herbage encourages the growth 
of yeasts, particularly the lactate utilizers (Henderson et al., 1972; Woolford, 
1990; Jonsson and Pahlow, 1984). The low DM condition found in silage is 
probably the reason why yeasts are of minor importance during the ensuing 
process (Henderson et at., 1972; Woolford, 1976). However, yeasts are known 
to develop in moist conditions e.g. wine and beers (Woolford, 1976). 
Yeasts are not inhibited by acidic conditions and some strains have been 
reported to withstand pH values less then 2.0 (Davis et at., 1980; Woolford 
1976). Jonsson and Pahiow (1984) reported yeast growth at pH 3.0. The failure 
of some yeasts to grow in silage may be due to the accumulation of fermentation 
acids e.g. acetic acid (Beck, 1978; Middeihoven and Frazen, 1986). As yeasts 
can tolerate low pH values inhibition appears to be a function of lactic acid 
concentration (Jonsson and Pahlow, 1984). A threshold value of 250 mM lactic 
acid was suggested by Woolford (1975b) for the inhibition of yeasts. Jonsson 
and Pahiow (1984) observed that when the lactic acid concentration of a 
Lactobacillus-treated silage peaked at 400 mM the yeast counts decreased. 
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Middethoven and Frazen (1986) studied the occurrence of yeasts in maize silage 
and found that in a medium containing mineral salts, yeast extract, lactic acid 
and acetic acid that growth was inhibited by the addition of the cationic 
detergent Arquad C33W (20 mg 11),  propionic acid (5 g 14), benzoic acid (5 gF') 
or salicylic acid (10 g 11). It has been recognized that the presence of butyric 
acid and/or propionic acid stabilizes poor silages. Poor quality silages with 
more than 0.5% butyric acid in the DM have been found to be stable in air 
(Ohyama et al., 1975a). On the equimolar basis, butyric acid inhibits yeast 
growth more strongly than propionic acid (Ohyama and Hara, 1975). Woolford 
(1975b) found that a lower concentration of butyric acid than of propionic acid 
inhibited yeasts, moulds and general laboratory bacteria. However, butyric acid 
is weaker and a larger quantity is required to reduce the pH to a sufficiently low 
level to suppress spore-bearing bacteria. Although butyric acid inhibits yeast 
growth, it is associated with silages that have undergone a clostridial 
fermentation and therefore is not recommended. Moon (1983) found that 
propionate inhibited yeast growth more efficiently than lactate or acetate. For 
these reasons several workers have recommended the addition of propionic acid 
to silage to improve the aerobic stability of a silage (Crawshaw et al., 1980; 
Gross and Beck, 1970; Hara and Ohyama, 1979; Ohyama et al., 1975a). 
However, despite this recommendation, yeasts can withstand organic acids 
better than most other microorganisms when in aerobic conditions (Woolford, 
1975c). Some yeasts e.g. Endomycopsis spp., isolated from aerobically 
deteriorated wheat and alfalfa silages, are capable of aerobic utilization of 
propionic acid (Moon and Ely, 1979). The antifungal agent pimaricin has also 
been shown to inhibit yeast growth at a concentration of 0.15 mM (Woolford, 
1975c). 
1.5 Propionic acid bacteria. 
Occasionally propionic acid is detected in silages and usually it is assumed that 
clostridia e.g. Clostridium propionicum (Johns, 1952; Leaver et al. 1955) are the 
organisms mainly responsible for the fermentation of lactic acid to propionic 
acid. However, barring its formation by clostridia, the only other microbial 
source is from the propionic acid bacteria e.g. Micrococcus lactilyticus or 
members of the genus Propionibacterium (Gibson, 1965). 
Propionic acid bacteria (PAB) are typically Gram-positive, asporogenous, non-
motile, branching or irregular rods or filaments. They prefer to grow in 
anaerobic conditions but are usually aerotolerant. They ferment lactic acid to 
propionic acid, acetic acid and carbon dioxide, or to a mixture of organic acids 
including butyric acid and formic acid (Wood, 1961; Woolford, 1984). PAB are 
also capable of fermenting a wide variety of carbohydrates, polyols and organic 
acids to the same products, although the proportions vary greatly (Wood, 1961). 
Studies have shown that even in low pH conditions propionic acid bacteria can 
ferment lactic acid to propionic and acetic acids, and they prefer lactic acid to 
sugars as a substrate for growth (Johns, 1951a; Woolford, 1975b). For this 
process to occur it is essential that PAB can decarboxylate succinate (Delwiche, 
1948; Johns, 1951b). Propionibacterium freudenreichi, P. jenseii and Micrococcus 
lactilyticus have all been isolated, from silage (De Man, 1957; Rosenberger, 
1956). Woolford (1975c) isolated lactic acid-fermenting organisms from silages 
but not from grass. Even in silages only relatively small numbers of propionic 
acid bacteria have been found suggesting that their occurrence is not extensive 
enough to cause spoilage (Woolford, 1975a). The presence of propionic acid 
can be advantageous in that it can inhibit the growth of moulds (Beck, 1978). 
However, the addition P. s/zerrnanii to silage by Lindgren et al. (1983) proved 
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unsuccessful in preventing the growth of moulds. 
1.6 Listeria. 
Members of the genus Listeria are Gram-positive, asporogenous, rod-shaped 
bacteria with a tendency to produce chains. They can grow in aerobic or 
microaerophilic conditions, are highly motile possessing well developed flagella 
and are pathogenic (Gray and Killinger, 1966; Sneath et al. 1986; Woolford, 
1984). They are widely distributed in the environment being located in soil 
water and a wide range of animal species (Gray and Killinger, 1966; KrUger, 
1963). Although Listeria spp. are sparsely distributed on herbage they are 
probably part of the normal microflora of herbage (Fenlon, 1986b; 1988). Only 
Listeria monocytogenes has been isolated from silage (Woolford, 1984). 
Biochemically there are distinct differences between strains of L. monocytogenes 
in their ability to ferment sugars, particularly sucrose, lactose and melezitose 
(Gray and Killinger, 1966). Listeria spp. do not reduce nitrate but can produce 
ammonia-nitrogen from the hydrolysis of arginine (Gray and Killinger, 1966). 
Growth occurs within a temperature range of 3-45°C, with an optimum range of 
30-37°C (Gray and Killinger, 1966; Wilkins et al., 1972). A temperature of 3°C 
was estimated to give an infinite lag time, while at 5°C the generation time was 
23 h. Wilkins et al. (1972) suggested that L. monoytogenes is a rapidly growing 
mesophile with an unusually low minimal temperature and a growth rate at 
10°C typical of a psychrophile. Listeria spp. prefer neutral or alkaline conditions 
being able to grow in medium at pH 9.6 but die when the value falls below pH 
5.6 (Gray and Killinger, 1966). George et al. (1988) grew L. monocytogenes in 
nutrient medium with pH values ranging from 4.2 to 4.0 at 0.2 intervals. The 
minimum pH values at which growth was detected at 30, 20, 10, 7 and 4°C were 
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4.39, 4.39, 4.62, 4.62 and 5.23 respectively. L. monocytogenes is more resistant to 
lower pH conditions when grown at higher temperatures. Growth is particularly 
inhibited by organic acids, with acetic acid being more efficient than lactic, citric 
or hydrochloric acids (Faber et al., 1989). L. monocytogenes is therefore unlikely 
to survive in well-preserved silages as the low pH will have a bacteriostatic 
effect on the organism (Gray and Kiilinger, 1966; Gouet et al., 1977; KrUger, 
1963). 
Listeria infections are known to cause abortions or other disturbances in 
pregnancies of animals (Gray and Killinger, 1966; Low and Renton, 1985). 
Encephalitis, a nervous disorder of ruminants, is the most frequently reported 
form of listeriosis (Fenlon, 1988). Listeriosis can also cause septicemia, 
particularly in adult ruminants located in southeastern Europe and the Soviet 
Union (Gray and Killinger, 1966; Low and Renton, 1988; Wilesmith and 
Gitter, 1986). Listeriosis, particularly in sheep, is associated with the feeding of 
poor quality silage (Fenlon et al., 1989; Kruger, 1963; Low and Renton, 1985; 
Wilesmith and Gitter, 1986; Woolford, 1972). This is because Listeria spp. 
predominate in si.lages where the grass is initially of poor quality and has been 
ensued wet (Woolford, 1972), resulting in a poor fermentation and a high pH of 
5.7 to 8.9 (Kruger, 1963). Alternatively, the entry of air into the silage allows 
moulds to grow which use up lactic acid and breakdown proteins releasing 
ammonia-nitrogen, thus causing a rise in pH (Fenlon, 1988). Big bale silage is 
particularly prone to aerobic deterioration and high pH values, and 
consequently is contaminated by listeria (Fenlon, 1985; 1986a; Fenlon et al., 
1989). Fenlon (1986a) found that Listeria spp. only occurred in the section of 
the bale exposed to air and that no listeria were detected when samples were 
removed from a few cm into the bale. In aerobically spoilt silage Listeria spp. 
have been isolated in numbers exceeding 10 colony forming units (cfu) g 4 
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herbage (Fenlon, 1985; 1986b). Removal of the spoilt silage can reduce the 
chances of listeriosis occurring (Fenlon, 1986a). 
It has been suggested that the association between listeria infections and silage 
is not conclusive owing to the difficulty of isolating the causal agent (Gray and 
Killinger, 1966; Woolford, 1972). Selective media have been used but tend 
only to recover the organisms partially or to select for avirulent strains. A 
highly selective diagnostic medium has been described for the reliable recovery 
of Listeria spp. However, the medium failed to isolate listeria from food in 
which Enterococcu.s spp. dominated (van Netten et al., 1988b). A further 
medium developed by van Netten et al. (1988a) selected for L. monoytogenes 
and some strains of L. seeligeri but suppressed L. ivanovii. 
1.7 Occurrence of silage microorganisms on plant material. 
The number of bacteria on a plant varies with the kind of plant, part of the 
plant, season and maturity of the plant (Gibson et al., 1958; Kroulik et al., 
1955b). The number of microorganisms tends to increase with the increasing 
maturity of the plant and advancement of the season (Kroulik et al., 1955b). 
The majority of the bacteria on plants are found to be firmly attached to the 
plant surfaces (Stirling and Whittenbury, 1963). The epiphytic microflora on 
plants are isolated primarily on the outer surfaces of the leaves rather than on 
the internal surfaces (Moon and Henk, 1980). A study by Nilsson and Nilsson 
(1956) on the surface population of a range of fodder plants showed that each 
had a similar number of organisms, approximately 2.7 x 10 g 1 fresh weight 
herbage. Timothy (Phleum pratense) had the least number of microorganisms, 
1.5 x 101 9-1  
The dominant bacteria detected on green plants are pigmented, asporogenous, 
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rod-shaped bacteria capable of aerobic growth (Gibson et al., 1958; 1961; 
Kroulik et al., 1955a; 1955b; Stirling, 1951) which usually occur in numbers of 
100-1000 times higher than LAB counts (Lindgren et al., 1985a). Of the 
Enterobacteriaceae, Eiwinia herbicola, Hafnia alvei, Escherichia coli and 
members of the genus Kiebsiella have all been found on the herbage for ensuing 
(Clarke and Hill, 1981; Gibson et at., 1958; 1961; Henderson and Seale, 1984; 
Spoelstra, 1987). E. coli is rarely detected while Erwinia herbicola is more 
frequently detected but neither forms more than 10% of the Gram-negative 
population (Gibson et al., 1958; 1961). However, other studies have found that 
Escherichia spp. are more abundant on fresh green plants than Kiebsiella spp. 
(Fraser et al., 1956; Hunter, 1917). Spoelstra (1987) found that Er..vinia 
herbicola was the most abundant of the enterobacter on plant material. 
Dickinson et al. (1975) found that bacterial populations on green leaves of 
Lolium perenne varied seasonally, being lower in spring and summer compared 
to September. Colonies isolated were Gram-negative and chromogenic with the 
predominant flora being identified as Chromobacterium, Co,ynebacterium, 
Pseudomonas and Xanthomona.s spp. 
Although Bacillus and Clostridium spp. are present in silage they have been 
found to be scarce on fresh plant material (Allen and Harrison, 1937; Gibson, 
1965; Gibson and Stirling, 1959; Gibson et al., 1958; Nilsson and Nilsson, 
1956; Seale et al., 1986; Whittenbury, 1968). Of the aerobic spore-formers 
isolated from perennial ryegrass, B. licheniformis was found to be present on 
each herbage sample with B. subtilus, B. pumilus and B. cfrculans occurring less 
frequently (Gibson et al. 1958). Clostridia usually exist as spores on plant 
material due to the aerobic conditions (Gibson, 1965; Whittenbury, 1968). It 
has been suggested that clostridia are present on plants, and therefore in silage, 
due to soil contamination (Allen and Harrison, 1937; Gibson, 1965; Gibson 
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et al., 1958; Nilsson and Nilsson, 1956). Clostridial species that have been 
isolated from herbage are C. bulyricum, C. perfringens!,C. biferinentens (Gibson 
et al., 1958). Gibson et al. (1958) isolated Bacillus licheniformis from every 
specimen of grass they examined; B. subtilus, B. pumilus and B. circulans were 
also encountered but less frequently. 
Attempts by Kroulik et al. (1955b) to demonstrate the presence of L. plantarum 
on green plant material was largely unsuccessful, and of the few lactobacilli 
isolated none were similar to those found in silage. Gibson et al. (1958) found 
low numbers of lactobacilli on perennial iyegrass. When examining undamaged 
green plants, Stirling and Whittenbury (1963) found that leuconostocs, 
pediococci and lactobacilli were scarce. Of those LAB isolated, 80% were 
leuconostocs, 10% were pediococci and the remainder were lactobacilli; 
leuconostocs were the most numerous and widely spread. LAB which develop 
in silage came from sheath material at the base of grasses, and partially 
withered and decayed blades of grass (Stirling and Whittenbury, 1963). They 
concluded that LAB were not usually part of the normal plant microflora. 
Fenton (1987) showed that the predominant species on the standing crop were 
the streptococci and pediococci. Mundt (1961) found that on the flowering 
parts of plants the streptococci predominated. Numerous studies have found 
LAB to be scarce on undamaged living green plant material, usually in the 
range of 102  to 103 cfu g-1 fresh herbage (Ely et al., 1981; Fenton, 1987; Gibson 
and Stirling, 1959; Gibson et al., 1958; 1961; Keddie, 1959; Kempton and San 
Clemente, 1959; Kroulik et al., 1955a; 1955b; Langston and Bouma, 1960a; 
Langston et al., 1962; McDonald et al., 1962; 1965; Moon et at., 1981; Nilsson 
and Nilsson, 1956; Seale et al., 1986; Speckman et al., 1981; Stirling, 1951; 
1953; Stirling and Whittenbury, 1963). However, larger numbers of LAB were 
located on insect damaged areas of the herbage (Stirling and Whittenbury, 
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1963). Stirling (1953) found that the 'numbers of LAB on green plant material 
were not affected by the season. In contrast, Lindgren et al. (1985a) found that 
the numbers did vary with the season, being lowest and highest at the beginning 
and end respectively. 
Filamentous fungi or moulds occur on the standing crop due to soil 
contamination, to deposition from the air, or to growing epiphytically or 
saprophytically on living or dead material respectively (Lacey, 1989). After 
harvesting of the crop, field fungi are dominant e.g. Alternaria, Epicoccum, 
Verticillium, Fu,arium spp. and phytopathogenic fungi (Clarke and Hill, 1981; 
Lacey, 1989). Di Menna et al. (1981) found that the mould flora of green leaves 
was predominantly Acremorium, Rhyrichosporium and pycnidial forms. 
Prior to ensilage the number of yeasts encountered on green plants is small, 
ranging between 104 and 106  g4 but they can peak to 108  g4 between February 
and March (Burmeister and Hartman, 1966; Burmeister et al., 1966; Di 
Menna, 1959; Lindgren et al., 1985b). During this time approximately 90% of 
the yeast population consists of red pigmented species (Di Menna, 1959). Field 
yeasts are usually strictly aerobic and non-fermenting basidiomycetes species 
e.g. Candidia ingeniosa, C. parapsilosis, Ciyptococcus laurenti, Rhodotorula 
rubra, Sporidiobolus salmonicolor, Sporobolomyces roseus, S. pararoseus, 
Torulopsis ingeni (Burmeister et al., 1966; Di Menna et al., 1981; Middelhoven 
and van Baalen, 1988). Contamination of silage by yeasts is probably due to 
leaf and soil contamination (Di Menna et al., 1981). 
1.8. Effect of the harvesting process. 
Whilst considering the fact that so few LAB are present on the herbage it seems 
surprising that in most silages LAB eventually dominate the fermentation, 
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reaching maximum numbers of approximately 10 cfu g' silage within two to 
four d. The numbers of LAB on a crop increase considerably from the time of 
harvesting to ensuing (Henderson et al., 1972; Stirling and Whittenbury, 1963). 
Kroulik et al. (1955b) recorded a 10-fold increase in the LAB on the herbage 
between cutting and ensuing. Muck (1989) detected levels of less than 10 cfu g -' 
herbage on a standing crop of lucerne which increased to 51 cfu g' lucerne to 
be ensiled immediately after mowing. McDonald et al. (1965) recorded initial 
levels of 210 LAB g' forage to be ensued but once the material was 
mechanically bruised the level rose to 1.8 x 104 cfu g' herbage. Fenton (1987) 
investigated the contribution farm machinery made to LAB numbers on grass. 
LAB numbers rose from 0 on the standing crop to 1 x 103  cfu g4 on the grass 
entering the clamp silo. Usually levels of epiphytic LAB range from 1.0 x 102  to 
103 cfu g' herbage to be ensiled (Ely et al., 1981; Keddie, 1959; Kroulik et al., 
1955b; McDonald et al., 1965; Moon et al., 1981; Nilsson and Nilsson, 1956; 
Stirling, 1953; Stirling and Whittenbury, 1968). 
It has been suggested that the release of cell sap from the herbage by the 
harvesting process or by other damage, e.g. insects, provides the nutrients for 
microbial growth (Gibson et al., 1961). The composition and rate of release of 
the cell sap varies with plant type and machinery used (Fenton, 1987; Gibson et 
al. 1958; 1961). Greenhill (1964c) investigated the effect of moisture content, 
pressure and air filtration at various temperatures on the release of plant juices, 
and consequently the onset of the silage fermentation. A level of 3 g moisture g4 
DM was the optimal moisture content; above this level clostridial growth was 
encouraged, and below the herbage could not be consolidated enough to 
exclude air. Pressure due to the weight of the silage itself and any 
superimposed loading appeared to have little effect on the release of cell sap. 
At 25°C, the presence of air delayed cell break down by up to .three d or more, 
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but at higher temperature this delay was reduced. During the harvesting 
process large numbers of LAB accumulate on those sections of the farm 
machinery which come in contact with the grass (Fenton, 1987). 
The large difference between the number of LAB recorded on the standing crop 
compared to the herbage entering the silo may be attributed to loss of viability 
of the LAB on the standing crop. LAB associated with plant material use 
manganese ions to enable them to detoxify hydrogen peroxide instead of 
superoxide dismutase (Daeschel et at. 1987; Pahiow and Ruser, 1989). Studies 
have found that LAB have a high manganese requirement (Archibald and 
Duong, 1984; Archibald and Fridovich, 1981). Bruyneel et at. (1990) found that 
the addition of manganese (at a level of 50 ppm) to a liquid growth medium 
stimulated the growth of L. plantarum but not Enterococcus cloacae or Proteus 
vulgaris. The requirement for manganese ions varies amongst the LAB and 
appears tobe particularly associated with those involved in silage. Efthymiov and Joseph 
(1972) studied the different manganese ion requirements of pediococci and 
enterococci. They found that manganese ions were essential for the growth of 
pediococci but not the latter. L. plantarum is devoid of true superoxide 
dismutase activity and has the ability to accumulate manganese intracellularly to 
concentrations as high as 30 mM (Archibald and Duong, 1984; Archibald and 
Fridovich, 1981). Wieringa (1969) stated that the addition of manganese salts 
to fodder crops, that contained less than 40-50 ppm manganese (on DM), would 
stimulate the growth of the LAB. Laceration of herbage allows the release of 
cell sap which contains manganese ions. Pahlow and Ruser (1989) compared 
counts on long and chopped grass using Ringer solution, with and without 
manganese sulphate. Higher LAB counts were found either on the chopped 
grass or when manganese was added to the Ringer solution. They suggested 
that the presence of these ions aided the survival of the LAB, particularly during 
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the harvesting process. Lower counts are usually obtained from standing crops 
as these are harvested manually providing insufficient cell sap and manganese 
ions to protect the LAB. When grass is mown, the cell sap is released in larger 
quantities but is still only sufficient to maintain a small population of these 
organisms. In contrast, the action of a forage harvester releases large quantities 
of cell sap which can maintain a larger number of LAB (Fenton, 1987). The 
process of harvesting is responsible for the increased growth and accumulation 
of microorganisms on the machinery, thus acting as a source of inoculum and 
contributing to their distribution throughout the crop (Kroulik et al., 1955b). 
The liberation of cell sap is a necessary prerequisite for the growth of the LAB 
and promotes decisively their growth relative to other microorganisms (Gibson 
et al., 1961; Greenhill, 1964b). Plant material that is relatively undamaged can 
not compensate for the reduction in cell sap and does not provide sufficient 
nutrients to allow the LAB to compete effectively with the other 
microorganisms during the early phases of multiplication (Gibson et al., 1961). 
Seale et al. (1982) stated that the rapid release of fermentation nutrients e.g. by 
mincing was necessary for the production of a well-preserved silage. 
1.9 Changes during ensilage. 
The microbial composition on the herbage changes once the process of ensiling 
commences. As conditions become fully anaerobic there is a dramatic fall in 
the number of aerobic microoganisms on the standing crop as they are rapidly 
replaced by organisms capable of anaerobic growth (Allen et al. 1937a). These 
include species of Streptococcus, Leuconostocs, Pediococcus, Lactobacillus, 
Clostridium and members of the Enterobacteriaceae which as they begin to 
grow compete with the LAB for any available nutrients (Allen et al., 1937b; 
Gibson and Stirling, 1959; Gibson et al., 1958; Kroulik et al., 1955b; Langston 
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and Bouma, 1960b; Langston et al., 1962; Whittenbury, 1968). 
During the first few days of ensilage the LAB counts increase rapidly (Seale et 
al., 1981) and are accompanied by a rapid fall in the WSC content which is 
mirrored by an increase in lactic acid. The LAB utilize the WSC as an energy 
source for growth and lactic acid production (Bryan-Jones, 1969; Gibbs et al., 
1950; Whittenbury, 1968; Wood, 1961). LAB undergo a natural microbial 
succession due to acid tolerance and the acidifying potential of the genera 
concerned, rather than one group growing more rapidly than another (Gibson 
and Stirling, 1959). There is evidence to show that the Leuconostoc and 
Streptococcus spp; initially dominate the fermentation and are eventually 
superseded by the Pediococcus spp. and finally the slower growing, high acid-
producing lactobacilli (Fenton, 1987; Kempton and San Clemente, 1959; 
Langston and Bouma, 1960b; Langston et al., 1962; Moon, 1981; Moon et al., 
1981; Orla-Jensen et al., 1947; Seale et al., 1986; Woolford, 1984). Nilsson 
(1956) found that the predominant LAB during ensilage were streptococci and 
lactobacilli, with L. plantarum most frequently isolated (Allen and Harrison, 
1936; Deflaglio and Torriani, 1986; Fenton, 1987; Kempton and San 
Clemente, 1959; Langston et al., 1962; Lindgren et al., 1983; Moon, 1981; 
Moon et al., 1981). Fenton (1987) found that on the farm machinery used for 
chopping the grass the majority (80-100%) of the organisms were streptococci. 
After two d ensilage, this proportion decreased to less than 50% of the total 
number, but E. faecium still predominated and was accompanied by a major rise 
in the numbers of lactobacilli. Pediococci and leuconostocs were only isolated 
in small numbers. The Lactobacillus spp. have a lower optimum pH than the 
other LAB and do not dominate the silage until the cocci have reached high 
enough numbers to produce sufficient acid to reduce the pH (Langston and 
Bouma, 1960a). 
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The rapid and sustained growth of the LAB results in a dramatic fall in the pH 
of the silage, usually to pH 4.0 (Gibson et al., 1961; Whittenbury, 1968). only 
Lactobacillus spp. are capable of active multiplication below pH 4.0 (Allen et 
al., 1937b). The speed with which the LAB metabolize WSC to lactic acid, 
consequently reducing the pH to 4.0 or less, is essential to delay or inhibit the 
deleterious bacteria (Gibson et al., 1961). If this fermentation pattern is 
followed the silage is usually well-preserved. In contrast, if the pH is not 
reduced rapidly, allowing the deleterious microorganisms to grow to higher 
numbers and enabling them to utilize more of the available nutrients a poorly 
preserved silage is produced. In these types of silages it is usual for the 
streptococci and leuconostocs to persist until the later stages of the 
fermentation reducing the chances of obtaining a stable low pH silage 
(Langston et al., 1962). Once the LAB counts have peaked they decline steadily 
(Di Menna, 1981; Ely et al., 1981; Lindgren et al., 1983; Moon et al., 1981; 
Seale et al., 1981; Stirling, 1951; Weinberg et al., 1988). A reduction in the 
number of LAB is desirable once the pH has reached a stable level of 
approximately 4.2 as otherwise unnecessary utilization of the WSC in the silage 
may occur. A high WSC level is advantageous as it allows a greater amount of 
available energy to enter the rumen of animals for utilization by the rumen 
bacteria. It has been observed that higher counts of lactobacilli in the later 
stages of ensilage are generally associated with poorly-preserved silages (Seale 
etal., 1981). 
Changes occur within the lactobacilli population during ensilage. In the early 
stages of ensilage typical or variant forms of mainly L. plantarum together with 
L. acidilactici and L. fermenti or L. casei and L. brevis dominate (Gibson et al., 
1958; 1961; Langston and Bouma, 1960a). Towards the end of ensilage there 
is a shift in the predominant LAB population, from homo- to 
51 
heterofermentative which is seen in an increased acetic acid production and a 
reduction in potential lactic acid production (Beck, 1972; 1978; Dellaglio and 
Torriani, 1986; Rauramaa et al., 1987a; Shockey et al., 1988). Dellaglio and 
Torriani (1986) found that the lactic fermentation was initiated by the 
homofermentative LAB, which dominated the first 60 d of ensilage, then 
declined whilst the number of heterofermentative LAB increased. In particular 
L. brevis has been shown to be the dominant LAB in the later stages (Langston 
and Bouma, 1960a). Rauramaa et al. (1987b) found that at the end of the 
fermentation all the LAB were heterofermentative in silages made with 
cellulase, homofermentative inoculum or no additives. Recently, a new 
heterofermentative LAB was discovered in silage, known as L. gramis (Beck et 
al., 1988; 1989). Beck (1978) suggested that the heterofermentative LAB 
eventually dominated as they were more tolerant of accumulating acetic acid. 
Enterobacteriaceae counts increase rapidly during the first few days of ensilage 
(Gibson et al., 1958; 1961; Langston et al., 1962; Lindgren et al., 1985a; 1988). 
Spoelstra (1987) found that after ensuing Eiwinia herbicola isolates decreased, 
and Escherichia coli, H. alvei and K pneumonia predominated. However, 
Gram-negative rods are the first main bacterial group to show loss of viability 
after active multiplication has ceased (Gibson et al., 1958) and they are known 
to virtually disappear after six days ensilage (Seale et al., 1981). As the pH falls 
a sharp decline in the Enterobacteriaceae count occurs (Seale et al., 1982). The 
rate of reduction in the number of coliforms is considered as a good yardstick of 
silage acidification (Weise, 1968). However, Enterobacteriaceae have been 
found to reappear in the later stages of ensilage (Chamberlain and Quig, 1987; 
S. J. E Heron pers. comm.). 
Clostridia are considered to be more important in the later stages of ensilage 
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but they can multiply during the first few days (Woolford, 1984). Anaerobic 
spores that occur in small numbers on fresh grass have been shown to increase 
to greater than 1 x 106 cfu g - ' when ensued, presumably due to the favourable 
growth conditions ie. high pH and anaerobic conditions (Allen and Harrison, 
1937). Dutkiewicz et at. (1989) found that Bacillus spp. and Gram-negative 
organisms (Pseudomonas, Alcaligenes, Citrobacter and Kiebsiella) prevailed in 
silage. C. butyricum multiplies during the first 24 h of ensilage and then persists 
as spores in the later stages (Gibson, 1965). C. paraputrzficum and related 
organisms have been found to persist for longer ie. the first three d of ensilage 
but they do not form spores (Gibson, 1965). Usually C. sporogenes and 
C. bifermentans multiply immediately after the silo is filled and the former is 
isolated as spores in older silages (Allen and Harrison, 1937; Bryant et al., 1952; 
Gibson et al., 1958). Allen and Harrison (1937) found that C. sporogenes 
predominated in silages made from young spring grass with a high protein 
content, whereas saccharolytic clostridia were present in greater numbers in 
silage made from Autumn grass; although C. sporogenes was still present. This 
increase in the saccharolytic clostridia was attributed to a higher moisture 
content of the silage due to inefficient drainage in the silos. Studies have shown 
that C. tyrobutyricum occurs infrequently in silage made in small quantities 
(Gibson et at., 1958; 1961). Indications are that C. tyrobutyricum is sparsely 
distributed on plant material and requires cell sap for its distribution, 
particularly in large quantities of silage (Gibson, 1965). 
During the process of ensiling the field fungi are replaced by the storage fungi 
due to the prevailing anaerobic conditions. This causes a shift in the dominant 
yeast type during the first week of ensuing from the non-fermenting field fungi 
to the ascomycetous species tolerant to acetic acid (Di Menna et at., 1981; 
Middeihoven and van Baalen, 1988). Lack of available oxygen in the silo is a 
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major factor in promoting their growth and inhibiting the field yeasts. This 
process leads to the selection of those yeasts which are capable of fermenting 
carbohydrates. Yeast counts have been shown to rise during the first few weeks 
of ensilage and then decrease with prolonged storage (Middeihoven and van 
Baalen, 1988). 
Successively Candida holmii, C. milled, C. krusei, C. lambica, C. famata, 
Geotrichum candidum and Hansenula anomala dominate the silage 
(Middeihoven and van Baalen, 1988). Of these yeasts only C. famata and G. 
candidum ferment glucose vigorously (Middeihoven and van Baalen, 1988). 
Once the lactic acid levels have peaked the selection pressure gives rise to a 
predominance of acidophilic yeasts. Within 12 d of storage silages are 
predominated by H. anomala (66% of isolates studied) and C. krusei (26% of 
isolates studied) (Burmeister and Hartman, 1966; Burmeister et al., 1966). 
However, growth is limited as oxygen is required for the metabolism of lactic 
acid. The sequence of dominating yeast species during ensilage is influenced by 
the silo environment. The major selection factor appears to be the ability or 
inability of a yeast to assimilate products of the ensilage fermentation 
(Burmeister et al., 1966). The silo temperature can also influence which 
organism dominates the silage (Burmeister et al., 1966). 
Of the filamentous fungi Fusarium spp. Acremonium spp. Clad osporium 
cladosporioides, C. herbarium dominate but in the latter stages are eventually 
replaced by Absidia Aspergillus, Mucor and Penicillium spp. (Clarke and Hill, 
1981) which grow due to the prevailing anaerobic conditions. 
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1.10 Aerobic deterioration. 
The most important single factor affecting the preservation of silage is the 
degree of anaerobiosis (Honig and Woolford, 1980; Ruxton et al., 1975; 
Woolford, 1990). In a well-preserved silage oxygen is soon depleted by the 
action of respiring plant enzymes and aerobic microorganisms (Allen and 
Harrison, 1937; McDonald, 1981). The presence of air in silage increases the 
possibility of aerobic microorganisms developing and causing aerobic 
deterioration. The possibility of this process occurring is greater if the exposure 
time of the silage to air is prolonged during the ensuing process or if air enters 
during storage. due to poor sealing, or when the feed-out occurs (Honig and 
Woolford, 1980). Well-preserved silage is particularly prone to aerobic 
deterioration (Honig and Woolford, 1980). The deterioration spreads 
downwards and laterally from the point of entry of the air and is practically 
impossible to stop once it has started (Honig and Woolford, 1980). 
Air penetration is greater in stack compared to bunker silos as the former are 
not protected from the atmosphere. Tower silos experience the least amount of 
air penetration as the exposed surface area is smaller (McDonald, 1981). In the 
farm situation, deterioration of the silage occurs at or around the silage face 
during a period in which conditions progressively become more aerobic due to 
the removal of silage for feeding (Woolford, 1978a). Consolidation of silage 
can influence the deterioration of silage. McDonald et al. (1960) demonstrated 
the effect of consolidation on silage using small tower silos of 1 tonne capacity 
to which low and high pressure were applied. The amount of top spoilage was 
greater in badly-consolidated silage. Certain types of silages are particularly 
susceptible to aerobic deterioration e.g. those with high levels of residual 
carbohydrate (Gross and Beck, 1970) where the fermentation has been 
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restricted by the addition of additives or heavy wilting (Barry and Fennessey, 
1972; Chamberlain and Quig, 1987; Ruxton et al., 1975; Woolford, 1978a). In 
contrast, Jackson (1969) reported relatively low DM losses from heavily wilted 
silages. 
Aerobic deterioration is undesirable, particularly in green plants, as it results in 
the production of black slimy inedible material often with profuse moulding 
.(Woolford, 1984). The effect of this process causes the temperature, pH, dry 
matter loss, sugar loss, and production of carbon dioxide and ammonia-nitrogen 
to increase (Ohyama and McDonald, 1975; Ohyama et al., 1977; Woolford, 
1978a; 1990; Woolford etal., 1982), thus causing a reduction in the nutritional 
quality of the silage (Zimmer, 1980). If the pH rises ammonia-nitrogen may be 
lost from the silages due to evaporation. In some cases dry matter losses can be 
in excess of 30% of the total dry matter (Honig and Woolford, 1980). Woolford 
et al. (1978) reported extreme dry matter losses over a 15 d period of 32% for 
maize silage with a dry matter content of 26%. Surface dry matter losses can 
ranged from 23.8 to 51.5 %, with a mean of 38.0% (McDonald et al., 1965). 
Losses depend on whether or not a seal is applied to the silo and vary according 
to silage depth. In the top 24 cm of silage DM losses of 59.7 and 5.4% have 
been recorded in uncovered and covered silage respectively. At depths of 50 cm 
or more, losses are considerably less and unaffected by preservation or absence 
of sealing (McLaughlin et al., 1978). Sealing, therefore, particularly benefits the 
surface layers of silage (Weise et al., 1980). 
The microorganisms involved in the aerobic deterioration of silage are 
indigenous to the silage and are not aerial-borne invaders (Woolford, 1978a). 
Silages exposed to air which had been sterilized by filtration or was not sterile 
underwent deterioration. This indicated that microorganisms of aerial origin 
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were not responsible for the deterioration, as otherwise the silage exposed to 
sterile air would have remained stable. Silages can also be contaminated during 
the unloading operations by traces of infected material remaining near the 
surface of the ensued mass (Beck, 1975). In well-preserved silage the anaerobic 
conditions inhibit the proliferation of aerobic microorganisms. These organisms 
remain dormant unless air enters the silo during storage. Feed-out of the silage 
results in the inevitable exposure to air and the growth of the aerobic 
microorganisms. Microbial activity not only occurs in the process of feed-out 
but also in the remaining silage mass. These aerobic organisms utilize a wide 
range of substrates, some of which are found in the original crop and others are 
produced during the silage fermentation (Woolford, 1990). The assimilation of 
fermentation acids e.g. lactic and acetic acids results in the production of carbon 
dioxide and causes the pH to rise, particularly at the silage surface layers 
(Woolford, 1978a). Deamination of amino acids causes the production of 
ammonia-nitrogen which also results in a rise in pH (Ohyama and McDonald, 
1975; Woolford, 1978a). 
Of the aerobic microorganisms, yeasts are considered to play the most 
prominent role in the aerobic deterioration of silage (Beck and Gross, 1964; 
Courtin and Spoelstra, 1990; Daniel et al., 1970; Gross and Beck, 1970; Hara 
and Ohyama, 1979; Jonsson, 1989; Jonsson and Pahlow, 1984; Moon, 1983; 
Moon et al., 1980; Ohyama and Hara, 1975; Ohyama et al., 1975a; 1977; 1980; 
O'Kiely et al., 1987; Spoelstra et al., 1988; Weise, 1963; Woolford et al., 1982). 
Yeasts involved in aerobic deterioration include Pichia fermentans, Hansenula 
anomola, Candida krusei and Saccharomyces spp., and occasionally 
Torulopsis spp. have also been implicated (Beck and Gross, 1964). The number 
of yeasts in most types of silage increase from less than 102  to 1012  cfu g1 DM 
within three d of exposure to air (Beck, 1963; Daniel et al., 1970). In general, if 
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the yeast population exceeds the critical level of 10 5 organisms g4 herbage DM 
then rapid fungal deterioration of the silage will occur on exposure to air 
(Daniel et al., 1970). Despite this, silages with higher yeast counts have been 
reported to remain stable (Pahiow, 1982) and silages with lower counts have 
deteriorated (Ohyama and McDonald, 1975; Woolford et al., 1978; 1979). The 
number of yeasts in the silage is therefore not the decisive factor influencing the 
deterioration of silage. Differing yeast populations and the presence of specific 
genera capable of decomposing lactic acid is more important in deciding 
whether a silage will be susceptible to aerobic deterioration. It has been 
suggested that the lactate-utilizing yeasts decide whether a silage will 
deteriorate or not on exposure to air (Jonsson and Pahlow, 1984; Pahlow, 1982; 
1984). The critical value quoted by Daniel et at. (1970) is therefore only valid if 
they are all lactate-assimilating yeasts (Jonsson and Pahiow, 1984; Pahlow, 
1982). The presence of air during the ensuing process promotes the growth of 
Candida lambica and C. krusei. These organisms dominate silage if lactic acid is 
available (Jonsson and Pahiow, 1984). Lactic and acetic acids are only utilized 
by these organisms in the presence of air. Exposure of maize silage to air 
results in the rapid and complete consumption of lactic and acetic acids mainly 
due to the growth of C. holmii, C. lam bica and C. milleri (Middeihoven and van 
Baalen, 1988). 
Aerobic deterioration may be influenced by factors other than yeasts 
population. Henderson et al. (1979) found that yeast counts increased during 
the period of aerobic deterioration whether DM losses were high or not. 
Aerobic deterioration can occur without the growth of yeasts and investigations 
have implicated the role of bacteria (Crawshaw et al., 1980; Woolford, 1978a; 
1984; Woolford and Cook, 1978; Woolford, et al., 1979). Variations in the 
aerobic stability of silage appear to be related to the growth of bacteria rather 
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than yeasts or filamentous fungi. Crawshaw et al. (1980) monitored carbon 
dioxide production and microbial counts. In grass silage exposed to air, bacteria 
accounted for 48% of the variation in carbon dioxide production while fungi 
accounted for only 8% and yeasts virtually none. The type of crop to be ensued 
influences the microbial sequence of deterioration. In maize crops 
deterioratiofi is initiated by bacteria, followed by the yeasts (Woolford et al., 
1978), whereas in grass and whole-crop silages the reverse occurs (Woolford 
et al., 1979; 1982). Alternatively, the difference in microbial sequence may be 
attributed to the different properties of the silage, in particular the DM content. 
High yeast counts have been found in high DM silages which are prone to yeast 
development, temperature increases and other forms of aerobic deterioration 
(McDonald et al., 1968; Ohyama et at., 1980). Woolford and Cook (1978) 
treated silages separately and together with either antimycotic e.g. pimaricin; or 
antibacterial agents e.g. chlorotetracycline, chloramphenicol, streptomycin B, 
bacitracin, polymyxin B. The addition of antibacterial treatments to silage 
allowed yeasts to proliferate, as their growth was unhindered by bacteria. In 
contrast, silages treated with antimycotic agents had high levels of bacterial 
growth and were still susceptible to aerobic deterioration (Woolford and Cook, 
1978). Woolford and Wilkie (1984) found that separate inoculation of -y -
irradiated grass with yeast and bacteria caused aerobic deterioration to occur to 
a greater and lesser extent respectively. However, when the same grass was 
treated with both bacteria and yeasts the bacteria proliferated and in some 
instances caused an increase in losses. This suggested that an association exists 
between groups of microorganisms and aerobic deterioration (Woolford and 
Wilkie, 1984). 
The bacteria involved in aerobic deterioration are spore-formers, possessing 
saccharolytic and proteolytic properties (Weise, 1963; Woolford, 1984). Barry 
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et al. (1980) suggested that acid-tolerant aerobic bacteria caused the first stages 
of aerobic deterioration as the onset of heating was more consistently related to 
a large increase in the counts of aerobic bacteria than with any other 
microbiological measurements made. Bacillus spp. have been identified as the 
main bacterial group involved in the aerobic deterioration of silage, particularly 
B. cereus, B. lentus, B. firmus and B. sphaericus (Woolford, 1978a). Bacilli are 
sensitive to low pH values that occur in well-preserved silages. However, the 
pH in silage is not uniform and they could develop in pockets where the pH is 
higher (Woolford, 1984; 1990). They are often found in the later stages of 
aerobic deterioration when the pH has risen (Lindgren et al., 1985b). 
Evaluation of aerobic deterioration in laboratory pilot-scale and full-scale 
silages showed that bacilli usually caused an increase in temperatures, 
greater than 40°C (Lindgren et al., 1985b). Spoelstra et al. (1988) only found 
bacilli in silage in heat-insulated boxes suggesting that increased temperature 
might be a factor necessary to allow the development of bacilli. 
Spoelstra et al. (1988) implicated members of the genus Acetobacter as being the 
bacteria mainly responsible for the aerobic deterioration of maize silage. They 
suggested that the onset of this process was often started by the simultaneous 
build-up of acetic acid bacteria and yeasts. It has been shown that acetic acid 
bacteria cause spoilage in maize where the population of yeasts is less than 
102 g-1 . However, both acetic acid bacteria and yeasts have a role when the 
acetic acid content is less than 6 g kg -1 and the yeast population is greater than 
iO g-1 . High counts of yeasts upon exposure to air will almost certainly result in 
deterioration but acetic acid bacteria also proliferate (Courtin and Spoelstra, 
1990). Inoculation of silage with only Acetobacter spp. showed that they could 
be solely responsible for aerobic deterioration (Spoelstra et al., 1988). Aries 
et al. (1982) isolated aerobic lactate-utilizing bacteria, which were all members 
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of the genus Acetobacter, from the effluent of grass silages. In the presence of 
oxygen these organisms metabolize ethanol to acetic acid (Spoelstra et al., 
1988), resulting in a fall in the alcoholic content of the silage (Jonsson and 
Pahlow, 1984). On completion of this process their metabolism switches to the 
oxidation of lactic and acetic acids (Spoelstra et al., 1988). As no carbon dioxide 
is produced during the oxidation of ethanol to acetic acid and due to the 
utilization of lactic acid to a weaker acid, the pH of the silage increases 
significantly (Spoelstra et al. 1988). It has been suggested that the presence of 
Acetobacter spp. in silage might suppress the activities of yeasts (Spoelstra et al., 
1988). Moon (1983) found that a combination of acetic and lactic acids 
inhibited yeast growth. 
The argument for or against bacteria, particularly those with proteolytic 
properties, having a primary or secondary role in aerobic deterioration has not 
been resolved conclusively (Woolford and Wilkie, 1984). Of the bacteria 
possibly involved in aerobic deterioration, acetic acid bacteria seem to be the 
only group of known bacteria that can thrive in the low pH and substrate 
conditions of a well-preserved silage on exposure to air (Spoelstra et al., 1988). 
However, their role has also been implicated in the terminal stages of the 
deterioration process (Weise, 1963; Woolford et al., 1982). 
Actinomycetes are a group of bacteria of special significance in the 
deterioration of moist hay (Woolford, 1990). They prefer to grow in pH 
conditions greater than 6.0, thus limiting their role in the deterioration of silage 
(Woolford, 1984). However, they may become important as the pH of the 
silage increases due to the metabolism of the fermentation acids or in poor-
quality silages with a high pH value (Woolford, 1984). Streptomyces spp. e.g. 
Streptomyces griseus have been isolated from high-moisture maize silage but their 
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occurrence may have been coincidental (Lyons et al., 1975). 
The role of filamentous fungi in the aerobic deterioration of both maize and 
grass silage appears to be slight (Woolford, 1978a). The most common moulds 
involved in deterioration of silage are members of the genera Monascus, 
Geotrichum, Byssochiamys, Mucor, Aspergillus, Penicillium, and Fusarium (Britt 
et al., 1975; Hara and Ohyama 1979; Pélhate, 1977). Two thermal peaks have 
been observed in deteriorating silage. The first peak occurred two to three d 
after aerobic exposure due to yeast growth, whereas the second peak occurred 
three to four d later due to mould growth (Ohyama et al., 1977). In grass silages 
it has been suggested that acid-tolerant aerobic bacteria cause the first stage of 
aerobic deterioration e.g. heating and rise in pH, and then are superseded by 
moulds. Lacey (1971) found when ensuing moist barley that a succession in the 
dominant moulds occurred with the length of time the grain was exposed to air; 
initially Absidia spp. and Mucor pusillus dominated, followed by Aspergillus 
fumigatus, Humicola lanuginosa and Micropolyspora faeni, and finally 
Thermoactinomyces vulgaris as the temperature rose. Moulds recovered from 
heated silage stacks have included species of Byssochlamys, Fu.sarium, Humicola 
and Trichoderma andy Petriellidium boydii. and Scopulariopsis brevicaulis (Di 
Menna et al., 1981). Treatment of silages with formic acid can increase the 
chance of mould development. Pettersson et al. (1989) observed an increase in 
the incidence of aflatoxin, and by association Aspergillus flavus and A. 
para.siticus, during the storage of high-moisture grain treated with formic acid. 
For this reason formic acid has now been prohibited for use as a preservative of 
high-moisture grain in Sweden. 
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1.11 Silage additives. 
Silage forms a major constituent of the winter diet of ruminants and therefore 
its nutritional value is important as it affects milk production, wool production, 
body maintenance, animal live-weight gain and pregnancy. It is therefore 
economically important that good quality silage is produced every time. The 
composition of the forage crops varies greatly between crops, regions and even 
fields; seasonal and yearly variations also occur (Bolsen and Laytimi, 1988; 
Dickinson et al., 1975; Seale, 1986). These variations are largely caused by 
sunshine and rainfall, but other factors such as soil type, fertilizer application 
and grazing can also be important. In the U.K. grass is predominantly ensued 
but legumes, grains, potatoes etc. can also be used (McCullough, 1978). 
One of the major factors influencing the production of good quality silage is the 
grass sugar levels within the crop. These vary with the grass species involved, its 
maturity, the season and the weather (Adamson et al., 1987). High levels of 
WSC are required in the herbage to provide enough available energy for the 
epiphytic LAB, however, a crop with a low sugar level can be ensiled 
successfully if it is wilted for a maximum of 24 h. Wilting concentrates the grass 
sugar levels and reduces the flow of effluent, but may lead to loss of feeding 
value if prolonged (Zimmer and Wilkins, 1984). If the DM level of the crop is 
25% or more then it can be ensued successfully without additives (Adamson et 
al., 1987). This processrequires dry, sunny weather conditions which are not 
always available, especially in the U.K. 
Under natural conditions, ensilage is therefore a process subject to many 
variables and this inevitably leads to a product of fluctuating quality. Recently, 
silage making has become more reliable, regardless of the DM content of the 
crop and the weather conditions, due to improved techniques and the 
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development of large numbers of additives (Seale, 1986). However, despite the 
use of additives an ADAS survey in 1986 showed that at least 25% of silage 
made in the U.K. had an unsatisfactory fermentation (Adamson et al., 1987). 
The types of silage additives available are shown in Table 1.11.1 and have been 
categorized as follows: fermentation inhibitors, fermentation stimulants, 
aerobic deterioration inhibitors, nutrients and absorbents (sections 1.12 lxi 1.16). 
The correct use of an additive on young wet grass of a low sugar content is 
particularly beneficial and, even at high application rates, can be justified 
(Weddell et al., 1990). Basically the wetter the crop the greater the investment 
in additive is required per animal. With crops that are likely to ensue 
satisfactorily without an additive it is not possible to guarantee that the small 
improvement needed to cover the cost of the additive will be obtained. 
Recovering additive costs depend not on whether the fermentation and/or 
animal performance will be improved but by how much. 
The beneficial effects of an additive over a control silage are more apparent 
under adverse conditions. Crops such as lucerne, which have a low WSC 
content and high buffering capacity, are ideal as negative controls (Seale, 1986). 
It is more difficult to compare additive-treated with control silages on a large 
scale due to variations in the chemical and microbiological composition of the 
starting material (Seale, 1986). In contrast, laboratory silos allow a large 
number of inoculants to be directly compared by ensuing a well mixed portion 
of crop at the same time and under the same conditions (Seale, 1986). The use 
of laboratory silos also allows replication and time-course experiments to be 
carried out. A direct comparison between the effect of an inoculant in farm and 
laboratory silos may result in differences due to the time taken to ensue the 
crop. However, if an inoculant does not work under the relatively ideal 
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Table 1.11.1 Classification of silage additives. 
Category Type Examples 
Fermentation Acidifiers Mineral acids, 
Inhibitors organic acids, 
acid salts. 
Sterilants Formalin, 







- Fermentation Carbohydrate Molasses, 
Stimulants sources cereals, sucrose, 
glucose, whey. 




Aerobic Propionic acid, 
Deterioration caproic acid, 




Absorbents Straw pellets. 
Molassed sugar beet 
pulp. 
Nutrients - some of these are also listed as fermentation stimulants. 
(Adamson et al., 1986; McDonald, 1981; Weddell et al., 1990;  Wilkinson, 1987; 
Woolford, 1984). 
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conditions in laboratory silos than it is unlikely to work under adverse 
conditions found in the farm situation. 
1.12 Fermentation inhibitors. 
Initially the recognition of the importance of the rate of acidification resulted in 
the practice of using strong acids which inhibit the fermentation. Inhibitors can 
be classified into three groups: acidifiers, sterilants and antibiotics. 
1.12.1 Acidifiers 
Acidifiers, e.g. mineral and organic acids, rapidly reduce the pH of a silage 
suppressing the growth of the undesirable microorganisms (McDonald, 1981). 
The activity of the LAB may be suppressed to lesser extent or totally inhibited 
depending on the application rate used (Chamberlain and Quig, 1987). 
The use of a mixture of mineral acids (A.I.V. process) was first suggested by 
Virtanen (1933). This method was widely used in Scandinavian countries but 
proved unpopular in the U.K. due to the difficulty in handling the corrosive 
acids (McDonald and Whittenbury, 1973; Watson and Nash, 1960). The acid 
used in the A.I.V. method usually consists of a mixture of hydrochloric and 
sulphuric acids, diluted with water before application (McDonald, 1981). 
Virtanen (1933) calculated the amount of acid required to reduce the pH of a 
forage sufficiently to inhibit plant and microbial enzymes. Results indicated that 
a pH of below 3.0 was required but at this level the silage was unpalatable to 
animals and consequently intake was limited, possibly due to the high content of 
free acids (Wilkins and Wilson, 1971). Reduction of the pH to 3.6 resulted in a 
silage which contained less free mineral acid and consequently was more 
acceptable to ruminants. However, neutralization of these acids by the addition 
of sodium bicarbonate prior to feeding can result in increased intake and a 
better performance by the animals (Wilkins and Wilson, 1971). Mineral acids 
are undesirable as they are corrosive to the silo and farm machinery, hazardous 
to handle and need to be neutralized prior to being offered to animals 
(Lindgren et al., 1983; Wilkins and Wilson, 1971). 
Organic acids, e.g. formic, acetic and propionic acids, have been considered for 
use as additives although they are weaker than the mineral acids used in the 
A.I.V. process. Each organic acid has a different optimum pH value at which it 
is most effective at inhibiting bacterial growth. The optimum pH of formic acid 
is 4.0, whereas propionic acid is more effective between pH 5.0 and 6.0 
(Woolford, 1975b). Unlike the acids used in the A.I.V. process which appear to 
act by acidification only, organic acids seem to both acidify the silage and 
discriminate against spore-bearing bacteria (Woolford, 1975b). 
Formic acid is the most widely used of the organic acids. Dirks first suggested 
the use of formic acid as an additive in silage making in 1926 (Watson and 
Nash, 1960) but it did not become widely accepted until the late 1950s 
(Woolford, 1984). Initial conclusions were that there was little justification for 
using relatively expensive formic acid instead of mineral acids because it made 
little difference to the extent of losses, silage quality and nutritional value of the 
silage (Nørgaard Pedersen et al., 1968). However, formic acid has been used 
successfully for many years in Nordic countries and produces palatable silage 
that the animals do well on (Lindgren et al., 1983). 
The effect of formic acid on the fermentation process changes with the rate of 
application. Low application rates are effective at preventing the growth of 
clostridia and Enterobacteriaceae but not the development of LAB (Crawshaw 
et al., 1980; Henderson and McDonald, 1971). Formic acid also causes the 
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initial repression of the respiratory enzymes consequently resulting in the 
inhibition of temperature rise (Henderson et al., 1972; Lindgren et at., 1983). 
The growth of the LAB may be suppressed for a few days but thereafter they 
multiply and produce a silage with an effective lactic acid fermentation, and low 
contents of acetic acid and ammonia-nitrogen (Henderson and McDonald, 
1971). Woolford (1975a) found that formic acid at a pH of 5.0 would inhibit 
endospore-forming bacteria at a concentration of 50 m mol 1 -1. However, such 
an application rate of formic acid to a crop would reduce the pH to 4.0 at which 
pH the bacteria would not grow in any case. Enterobacteriaceae are more 
resistant to formic acid than clostridia as they are known to generate it 
themselves (Lindgren et at., 1983; Wilkinson, 1981; Woolford, 1984). On the 
other hand, Chamberlain and Quig (1987) suggested that the partial suppression 
of the growth of LAB may account for the prolonged growth of coliforms in 
formic acid-treated silage. If the application rate of formic acid is too low then 
the proteolytic clostridial fermentation may not be prevented and in some cases 
the growth of the deleterious microorganisms may be encouraged (Davidson et 
at., 1973). 
Increased application rates of formic acid result in an improved preservation 
and cause a shift in microbial suppression from specific to more general 
antimicrobial effects with the total suppression of LAB (Britt et at., 1975; 
Crawshaw et at., 1980; Davidson et at., 1973; Henderson and McDonald, 1971; 
1976; Wilson, 1969; Woolford 1975a). Results from a computer model 
designed by Leibensperger and Pitt (1988) indicated that the final pH of a silage 
can either be increased or decreased depending on the application rate of 
formic acid. Higher final pH values were recorded for high DM (450 g kg -1 FM) 
alfalfa silages treated with a formic acid application rate of 1.0% DM, and for 
high DM (450 g kg- ' FM) perennial ryegrass silages treated with a formic acid 
application rate of 0.5%, 0.75% and 1.0% DM. 
The level of formic acid required for successful preservation is influenced by the 
DM content and the buffering capacity of the forage to be ensued (Haigh, 1987; 
Henderson and McDonald, 1976). Legumes or grasses harvested at early stages 
of growth have high buffering capacities and therefore require more formic acid 
to reduce the pH to a satisfactory level (Henderson and McDonald, 1976). It 
has been suggested that formic acid affects silage intake by animals by 
influencing the fermentation pattern in the silo rather than through a direct 
effect of the formic acid itself. Chamberlain and Quig (1987) suggested that 
there was an optimum level of formic acid addition for promoting a good 
fermentation in a silo. The most commonly recommended commercial 
application rate for formic acid is 2.3 1 tonne -1 or 2.8 g kg-1 fresh material, which 
is equivalent to 50 mM (McDonald, 1981). This level prevents the growth of 
deleterious bacteria but not the development of LAB (Crawshaw et at., 1980; 
Henderson and McDonald, 1971). 
The addition of formic acid at the recommended level reduces the pH and 
ammonia-nitrogen content, restricts lactic and acetic acid levels, and reduces 
the loss of WSC and protein-nitrogen from the silages as well as causing an 
increase in intake and animal performance compared to control silages (Barry 
et al., 1978; Carpintero et at., 1979; Castle and Watson, 1973; Derbyshire et al., 
1971; Henderson et at., 1972; Lancaster et at., 1976; Wilson and Wilkins, 
1973a; 1973b). Henderson et al. (1989) prepared silages with the application of 
formic acid at the rate of 5 1 tonne' herbage. They found that the formic acid-
treated silage compared to an untreated control increased the protein-nitrogen 
content and the supply of energy yielding nutrients, and thus increased the 
intake potential of the silages. 
Britt et al. (1975) and Crawshaw et al. (1980) found that the stability of a silage 
was increased by the use of formic acid. Despite this, higher ethanol contents, 
aflatoxin levels, and yeast and mould counts have been reported for formic acid-
treated rather than control silages (Henderson et al., 1972; Lindgren et al., 
1983; Ohyama and McDonald, 1975; Petterson et al., 1989; Rooke et al., 
1988). Henderson and McDonald (1971) reported higher DM losses from 
formic acid-treated silages which they attributed to higher effluent production 
and waste formation. 
The inhibitory action of formic acid is due to the hydrogen ion concentration 
and the selective bactericidal action of the undissociated acid (McDonald and 
Henderson, 1974). Within the fatty acid homologous series the hydrogen ion 
concentration effect decreases with increasing chain length, while general 
antimicrobial effects increase at least up to the C 12 acid (Galbraith et al., 1971; 
Woolford, 1975b); the lower members (C 1-C7) particularly prevented the 
growth of the spore-bearing bacteria (Woolford, 1975b). The exception is 
butyric acid as clostridia tolerate this acid more than the lower molecular weight 
acids (Woolford, 1984). The concentration of formic acid can also influence the 
inhibitory effect (Barry et al., 1978; Lancaster et al., 1976; Wilson and Wilkins, 
1973a). 
Other products on the market include Maxgrass (BP Research and 
Development) which contains a mixture of formic, octanoic and propionic acids. 
Ammonia-nitrogen was added to the product to make it safer to handle. The 
manufacture's literature states that added at 6 1 tonne -1 the product is non-
corrosive, inhibits the natural fermentation, increases the DM intake and feed 
efficiency of the silage, and results in improved animal performance. 
Acetic and propionic acids are not generally used as additives. Acetic acid is 
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less effective at restricting fermentation than formic acid (Mann and McDonald, 
1976) and as previously discussed (section 1.3) high acetic acid levels can result 
in poor animal performance. Propionic acid is an effective antimycotic agent 
and may inhibit aerobic deterioration (section 1.9). However, as an additive for 
use in restricting the fermentation of a silage, it is less effective and more 
expensive than formic acid (Mann and McDonald, 1976). Although lactic acid 
successfully inhibits the activity of clostridia and Gram-negative bacteria it is 
unlikely to be used as a fermentation inhibitor due to its inability to inhibit 
mould and yeast growth and its high cost (Watson and Nash, 1960; Woolford, 
1975c). Disappointing results have been obtained with higher fatty acids e.g. 
dodecanoic, octadecanoic and for this reason they have not been recommended 
as fermentation inhibitors (McDonald, 1981; McDonald and Henderson, 1974). 
Salts of formic acid e.g. calcium and sodium formate (Watson and Nash, 1960) 
have been considered for use as commercial additives. Budzier (1967) found 
that a combination of calcium formate and sodium nitrite prevented the 
germination of clostridial spores but did not affect the LAB. 
1.12.2 Sterilants 
Sterilants inhibit all the microflora of the silage and are usually formaldehyde-
based (Wilkins et al., 1974), the pH being further lowered by the addition of 
sulphuric or formic acid. Formaldehyde is an aqueous solution of 35-40% 
formalin containing 10% methanol as an antipolymerizing agent (Woolford, 
1984). The addition of formalin to silage restricts or totally inhibits the 
fermentation depending on the rate of application (Davidson et al., 1973; 
Wilkins et al., 1974). Formaldehyde restricts the loss of amino acids from silage 
(Barry, 1976b; Barry et al., 1978) and also protects plant proteins from 
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microbial degradation in the rumen (Brown and Valentine, 1972; Woolford, 
1984). Ferguson et al. (1967) found that sheep fed with dietary casein treated 
with formaldehyde had an increased supply of amino acids in the small intestine 
and increased wool growth. However, at high application rates silage intake 
and digestibility were restricted (Brown and Valentine, 1972; Woolford, 1984). 
The restriction on the silage fermentation by formaldehyde allows more WSC to 
remain in the silage, resulting in the silage being more susceptible to aerobic 
deterioration (Barry et al., 1980; Ohyama and McDonald, 1975; Woolford, 
1978a). The stability of a silage may vary with the rate of application as some 
workers have found formaldehyde-treated silages to be more aerobically stable 
than control silages (Barry and Fennessy, 1972; Mann and McDonald, 1976). 
At low rates of application the stability results from volatile fatty acids produced 
by the poor fermentation, whereas at high application rates it is due to the 
formaldehyde in the silage. At medium application rates little fermentation 
occurs and the formaldehyde level progressively declines during storage, thus 
giving no protection from aerobic deterioration (Theune and Honig, 1980). Use 
of formaldehyde alone as a silage additive is not satisfactory but mixtures of 
formaldehyde and other acids e.g. sulphuric acid improve the preservation as 
the risk of a butyric acid fermentation and the depression of feed intake and 
protein digestibility by animals are reduced (Barry, 1976a; Haigh, 1988; Haigh 
et al., 1987; Valentine and Brown, 1973; Waldo et al., 1973; Woolford, 1984). 
Valentine and Brown (1973) did not find an increase in either intake or wool 
growth by sheep offered formic acid-treated silage. When offered 
formaldehyde-treated silage there was an increase in intake and wool growth 
but a reduction in digestibility of nitrogen. Silage treated with a mixture of both 
formaldehyde and formic acid caused an increase in digestibility, intake and 
wool production compared to the control. Wilkins et al. (1971) found evidence 
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that voluntary intake of silage was restricted by products of protein degradation 
and/or high concentrations of free acids in well-preserved silage. 
Sodium metabisuiphite is a powder which on contact with water or acid 
hydrolyzes to sulphur dioxide and the salt of the acids. It reduces fermentation 
losses and produces palatable silage that is free of undesirable and unpleasant 
odours (Bratzler et al., 1956; MacPherson et al., 1957). The sterilizing action is 
due to the bisuiphite ion rather than the hydrogen ion (Bratzler et al., 1956). 
Sodium metabisuiphite is more effective against pure cultures of bacteria than 
yeasts or moulds (Woolford, 1978b). Lanigan (1961) found that the compound 
tended to inhibit clostridia rather than LAB as the lactic acid content of the 
treated silage was higher than the control. Generally, treated silages had a 
higher pH, lower content of fermentation acids, displayed less evidence of 
proteolysis and deamination, and sustained lower DM and nutritional losses 
than untreated silages (Alderman et al., 1954; Bratzler et al., 1956; 
MacPherson et al., 1957). Brown and Smyth (1958) indicated that slightly better 
conservation of silage could be obtained by using sodium metabisuiphite rather 
than molasses. However, sodium metabisulphite can cause skin irritations 
amongst workers, and animals require time to acquire a taste for it (Brown and 
Smyth, 1958). For this reason it lost its popularity although it is an effective 
additive and as far as safety and cost are concerned is better than the A.I.V. 
method (Woolford, 1984). 
1.12.3 Antibiotics. 
The antibiotics e.g. pimaricin, tylosin and zinc bacitracin have been 
examined as potential silage additives (Alexander et al., 1961; Loggins et al., 
1961; McCarrick, 1969; Oades et al., 1964; Rusoff et al., 1959; Woolford and 
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Wilkins, 1975). Due to the widespread use of antibiotics in the control of 
disease in man their use is strictly controlled to restrict the development of 
resistance by microorganisms (McDonald, 1981; Woolford 1984). 
Consequently, relatively few have been classified as 'feed-antibiotics' 
(McDonald, 1981). Of these zinc bacitracin has been most frequently studied. 
Bacitracin has an inhibitory effect on Gram-positive bacteria, particularly 
endospore formers (Woolford, 1984) but not the LAB (Langston et al., 1961). 
The use of bacitracin has resulted in conflicting reports as regards 
improvements in fermentation quality, DM intake and digestibility (Alexander 
et al., 1961; Andrews and Stob, 1958; McCarrick, 1969; Owen, 1962; Rusoff et 
al., 1959). 
Non-therapeutic antibiotics which are usually used as food or feed preservatives 
or in the diets of animals can be used as silage additives. Nisin is known to 
suppress endospore-forming bacteria, however, the inoculation of silage with its 
microbial source (L. lactis)would probably be more economic than the addition 
of the antibiotic itself (Tramer, 1966). Bacillus spp. are also known to produce 
enzymes that can inactivate this antibiotic (Jarvis, 1967). Tylosin is a feed 
additive and is known to have antibacterial effects and to restrict the silage 
fermentation and the conversion of lactate to acetate (Emery et al., 1966; 
Woolford, 1975c). The antifungal antibiotic pimaricin inhibits yeast and mould 
growth, thereby increasing the aerobic stability of silage (Woolford, 1975c; 
Woolford and Cook, 1978; Woolford and Wilkins, 1975; Woolford et al., 1980). 
However, different types of forage require different application levels to 
achieve the same result (Woolford et al., 1980). Bronopol is a synthetic 
antibacterial agent with activity against silage microorganisms, particularly 
endospore-forming bacteria (Woolford, 1975c), but it was not found to be as 
effective in silage as it was against pure cultures (Woolford, 1984). 
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1.13 Fermentation stimulants. 
The highly corrosive nature of chemical additives to expensive farm machinery 
and their unpleasant effects on the handlers, namely the farmer and farm 
workers, and the increasing awarness that undesirable microorganisms are not 
always successfully inhibited (Chamberlain and Quig, 1987) prompted the 
search for alternative methods (Rauramaa et al., 1987a). Stimulants e.g. 
carbohydrate-rich sources and bacterial additives aid the fermentation of the 
silage in two ways. Firstly, they boost the natural sugar levels of the crop, and 
secondly increase the number of homofermentative lactic acid bacteria. 
1.13.1 Carbohydrate-rich sources. 
Carbohydrate-rich sources are added to silage crops in order to increase the 
amount of available energy for growth of the LAB. This is particularly 
important in such crops as legumes which have low WSC levels, but the 
carbohydrate source must be used in relatively high concentrations to achieve 
maximum benefit (McCullough and Neville, 1960). Substrates used to provide 
carbohydrate include sugars, molasses, cereals, whey, beet pulp, citrus pulp and 
potatoes. The level of carbohydrate supplied to the herbage is an important 
factor in influencing the successful outcome of the fermentation. The quantity 
of carbohydrate required has to take into account the amount lost through plant 
respiration, the effect of the buffering capacity of the crop and utilization by the 
heterolactic fermenters (Woolford, 1984). For example, more molasses is 
required to ensue successfully herbage cut at the vegetative rather than the 
mature stage of growth (Catchpoole, 1966) as the former has a higher buffering 
capacity (Greenhill, 1964a; Henderson and McDonald, 1976). Catchpoole 
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(1966) found that more molasses gave higher concentrations of lactic acid. 
However, carbohydrate stimulants not only provide energy for the growth of the 
LAB but also the deleterious microorganisms (Weise, 1967). High levels of 
WSC remaining in sugar-treated silages at the end of the fermentation can 
encourage the growth of yeasts (Weise, 1967). 
Molasses is a by-product of the sugar beet and cane industry. It has a dry matter 
content of 700-750 g kg- ' fresh weight of which 500 g consist of sugars of which 
sucrose is.the main component (Thomas, 1978; McDonald et al., 1988). The 
carbohydrate content of molasses consists mainly of sucrose, glucose and 
fructose (Brown, 1982). The fructose content may encourage a heterolactic 
fermentation and reduce the potential acid yield (Whittenbury, 1968). Despite 
this, evidence suggests that molasses is an effective treatment in terms of 
promoting a lactic fermentation, assisting pH decline, discouraging clostridial 
fermentation and proteolysis, and reducing organic matter losses (Archibald et 
al., 1960; Brown and Heaney, 1951; Carpintero et al. 1969; Ely, 1978; 
Lanigan, 1961; Leibensperger and Pitt, 1988; McCarrick, 1969; McDonald et 
al., 1964; 1965; Ohyama et al., 1973a; 1973b; Thomas, 1978; Weise, 1967; 
Wilson, 1969; Zelter, 1960). However, there have been reports of similar or 
variable losses being made from molasses (or sugar-treated) and control silages 
(McDonald and Purves, 1956; Murdoch et al., 1955). Overall DM losses are 
reduced although increases in effluent losses have been reported (Andrews and 
Stob, 1958; Ely, 1978; McCarrick, 1962; Oades et al., 1964). 
The technique of adding molasses to silage has recently been improved due to 
the development of high pressure sprays which allow the even distribution of 
undiluted molasses throughout the forage. Previously, the viscosity of molasses 
made even distribution difficult without dilution, which can have an inhibitory 
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effect on the preservation of the crop and increase the loss of solids in the 
effluent (Ely, 1978; Gibson and Stirling, 1959). Solid preparations containing 
molasses have been employed on a limited scale e.g. mixing with peat or pea-
straw and gave a high quality silage with reduced dry matter losses (Orth and 
Rohr, 1965; Svensson and Tveit, 1964). 
Sugars are usually added in the form of glucose or sucrose (Jones, 1970; Zelter, 
1960). Weise (1967) found that the addition of sucrose (10 g kg -1 ) increased 
the number of LAB in the silage, especially those LAB with a high capacity for 
producing lactic acid. The silage fermentation is also improved by the addition 
of glucose (Ohyama et al., 1971; 1975b) which is preferable to sucrose since 
sucrose is comprised of fructose which can be converted to mannitol 
(McDonald, 1981). 
Starch is usually added in the form of cereals but may only have value when 
applied with an appropriate ratio of malt (Woolford, 1984). The enzyme 
complexes in malt meal catalyze the hydrolysis of polysaccharides which the 
LAB are not capable of fermenting. This hydrolysis increases the sugar content 
of the ensiled material and consequently the amount of lactic acid (Nilsson and 
Rydin, 1960). The ability of starch on its own to improve the fermentation is 
questionable as LAB are not able to utilize it. Starch that survives the ensilage 
process may be beneficial as a nutrient, rather than a fermentation stimulant, as 
the amylolytic enzymes can degrade it in the rumen (Woolford, 1984). 
Whey is a waste product of the cheese industry and as such is cheap (McDonald, 
1981). It has a limited value as a silage additive as the principle sugar is lactose 
which LAB do not readily utilize, and it has a high water content (Woolford, 
1984). Dried whey is more preferable due to the lower water content but it is 
more expensive than the liquid form. The use of dried whey as an additive has 
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resulted in silages with increased acid production, and a reduction in losses and 
mould growth (Dash and Voelker, 1971). 
Dried beet pulp, citrus pulp and potatoes are used as silage additives to increase 
the thy matter content of high moisture crops (Archibald, 1953; Ely, 1978; 
Miller and Dalton, 1961). 
1.13.2 Bacterial cultures. 
The addition of adequate levels of carbohydrate does not ensure the successful 
preservation of a crop. Although enough sugar might be present the pH may 
not be lowered to an acceptable level due to the indigenous heterofermentative 
LAB (Seale, 1986; Seale et al., 1986; Wieringa and Beck, 1964; Woolford, 
1984). For successful preservation, both a source of homofermentative LAB 
with high acid-producing potential and an adequate level of WSC are required 
(Henderson and McDonald, 1984; Ohyama et al., 1975b). Biological additives 
were developed to provide such a source of high acid-producing 
homofermentative bacteria. 
Biological additives often contain one or more species of LAB, a nutrient 
source for the bacteria added, and/or enzymes (Seale, 1986). An inoculant 
should contain a sufficient number of homofermentative LAB to dominate the 
less efficient indigenous microflora. It is important for the homofermentative 
LAB to dominate the initial rather than the later stages of the fermentation, as 
otherwise the deleterious microorganisms might grow (McDonald et al., 1960; 
1964; Seale, 1986). The earliest use of LAB was by French workers on sugar 
beet pulp at the beginning of the century (McDonald, 1981). The development 
of new production processes and freeze-drying techniques enabled the 
commercial exploitation of LAB, allowing them to be prepared in bulk and 
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stored in a viable form so reducing their cost (Henderson and McDonald, 1984). 
Most of the early work in the development of silage inoculants gave variable 
and inconsistent results (Watson and Nash, 1960). This inconsistency led 
Whittenbury (1961) to define the criteria that a potential silage microorganism 
should satisfy (Table 1.13.1). Over the years a number of workers have added 
other criteria. Wieringa and Beck (1964) considered the lack of proteolytic 
activity to be essential. McDonald (1983) considered activity over a wide DM 
range, aerobic and anaerobic growth and possibly the possession of cellulase 
activity as essential. Lindgren (1984) considered genetic stability, growth at low 
temperatures, utilization of starch, possession of a high metabolic rate, 
antagonistic activities and the degradation of anti-nutritional components as 
desirable characteristics. The list of criteria is extensive and still growing. 
Leuconstocs and heterofermentative lactobacilli were immediately eliminated 
from consideration as potential silage additives as they produce acid 
inefficiently. The inoculation of herbage with an additive containing 
heterofermentative LAB e.g. L. brevis, L. buchneri, Leuconostoc dextranicum 
and L. mesenteroides resulted in silage with higher pH, ammonia-nitrogen, 
acetic acid and ethanol levels and a lower WSC content compared to silage 
ensiled with an inoculum containing Lactobacillus plantarum (Seale and 
Henderson, 1984). Both streptococci and pediococci are unsuitable as silage 
inoculants on their own as they have a low acid tolerance (Whittenbury, 1961). 
Of the LAB, L. plantarum has been found to be the most suitable silage 
microorganism as it satisfies most of the criteria defined (Bryan-Jones, 1969; 
Whittenbury, 1961; Wieringa and Beck, 1964). 
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Table 1.13.1 Whittenbury's (1961) selection criteria for a potential 
silage inoculant. 
Grow vigorously and dominate the indigenous microflora. 
Possess a homofermentative pathway. 
Be acid-tolerant and rapidly produce a final pH of 4.0. 
Ferment glucose, fructose, sucrose, fructans and pentose sugars. 
Not produce dextran from sucrose or mannitol from fructose. 
Have no action on organic acids. 
Grow in a temperature range up to 50°C. 
Grow in material of a low moisture content. 
Inoculation of herbage with L. plantarum has been reported to have a beneficial 
effect on the fermentation in laboratory scale silos with silage temperatures, 
losses, final pH values and ammonia-nitrogen contents all lower than controls 
(Anderson et al., 1989; Bryan-Jones, 1969; Ely and Moon, 1982; Ely et al., 
1981; Jonsson and Pahiow, 1984; King et al., 1983; Moon, 1981; O'Leary and 
Hemken, 1980; Thomas et al., 1983). O'Leary and Hemken (1980) found that 
inoculation with L. plantarum led to lower counts of Clostridium spp. and higher 
residual yeast counts. Rooke et al. (1988) compared the effect of L. plantarum 
against formic acid on the ensilage of 1:1 perennial ryegrass (Lolium perenne) 
and a hybrid (L. perenne x L. multifiorum) ryegrass mixture. The silage 
i inoculated with Lactobacillusplantarum showed a markedly improved -fermentation in 
good ensuing conditions, and both nitrogen retention and silage intake were 
increased to a similar extent as that observed for the formic acid-treated silage. 
However, Wittenberg et al. (1983) found that under good ensiling conditions the 
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inoculation of herbage with L. plantarum did not significantly improve the 
fermentation. 
It is unlikely that a single strain of a LAB could satisfy all the requirements 
previously defined (Table 1.13.1). Inocula, therefore, usually comprise of mixed 
cultures which together are capable of fulfilling all the requirements. Wieringa 
and Beck (1964) isolated 81 strains of LAB from silage and found that only one, 
L. plantarum arabinosis, satisfied their selection criteria. Woolford and Sawczyc 
(1984) investigated 21 strains of LAB for use as inoculants by subjecting them to 
a range of tests. None of the cultures satisfied all the criteria but three, 
Enterococcus durans, L. acidophilus and L. plantarum had a greater potential 
than the others. 
McDonald (1981) suggested the addition of E. faecalis, to form an inoculum 
containing E. faecalis and L. planz'arum, would aid the initial decrease in pH. 
The former would dominate the initial stages of the fermentation reducing the 
pH to 5.0, thus allowing L. plantarum to predominate in the favourable 
conditions in the lower pH range. Bryan-Jones (1969) agreed with this 
combination as E. faecalis grows faster under aerobic conditions producing acid, 
so reducing the pH and allowing the acid-tolerant L. plantarum to dominate the 
fermentation, although there was no apparent advantage in 1 tonne silos 
(Bryan-Jones, 1969). Inoculation of forage with L. plantarum and E. faecium 
reduced DM losses during ensilage (Bolsen et al., 1981) and produced silage of 
a lower pH compared to the control in laboratory scale silos. However, 
Wittenberg et at. (1983) found no improvements in the preservation of a crop 
inoculated with this combination of microbes occurred in comparison to the 
control. Investigations carried out by Lindgren et al. (1983) showed good co-
operation between pediococci and lactobacilli. The combination of Pediococcus 
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acidilactici and L. plantarum resulted in an increased lactic acid production and 
a reduction in pH. Lindgren et al. (1983) used plant associated pediococci in 
silage inoculants in preference to E. faecalis which they disapproved of due to it 
being an intestinal inhabitant with proteolytic enzymes and deaminative 
properties (Mead, 1978). King et al.. (1983) compared inoculants of: 1) L. 
plantarum; 2) L. plantarum and E. faecium; 3) L. plantarum, L. brevis and P. 
acidilactici, and; 4) L. plantarum, L. brevis, P. acidilactici, S. lactis. Different 
rates of fermentation were observed with the various inocula, but the fastest pH 
fall occurred with the L. plantarum -treated silage. A commercial inoculant 
containing L. plantarum, E. faecium and Pediococcus spp. was applied to vetch, 
wheat and alfalfa silages. Although the inoculant did not have a great effect on 
the wheat silages it improved the fermentation of the vetch and alfalfa silages. 
(Weinberg et al., 1988). An inoculant should preferably contain a 
homofermentative LAB, preferably a strain of L. plantarum, in conjunction with a 
Pediococcus and/or a Enterococcus spp. 
Various other combinations of microorganisms have been studied with varying 
results. A combination of L. brevis, L. plantarurn and P. acidilactici produced 
variable results. Huber et al. (1983) and Shockey et al. (1988) found no effect 
with the inoculant 'whereas; others (Kung et al., 1984; Thomas et al., 1983) 
observed rapid pH falls, lower final pHs, lower levels of ammonia-nitrogen and 
higher lactic acid contents compared to control silages. Inoculants containing 
L. acidophilus alone or in combination with fungi have been studied but were 
found to have little effect on the composition of the silage but encouraged the 
process of aerobic deterioration (Buchanan-Smith and Yao, 1979; 1981; Drake 
et al., 1981; Fisher et al., 1984; Moon et al., 1980; 1981). L. acidophilus was 
ineffective as a silage additive due to its high optimal pH and nutritional 
requirements which may inhibit it from competing successfully with the 
epiphytic microflora (Moon et al., 
82 
1981). The success of an inoculant is therefore dependent on the Lactobacillus 
spp. chosen (Moon et al., 1981). The use of fungi as silage additives is dubious 
as they form ethanol and carbon dioxide, which contribute to the dry matter 
losses, and reduce the stability of a silage on exposure to air (Woolford, 1972). 
Combinations of propionic acid bacteria with LAB in an inoculum have also 
been considered as propionic acid can prevent or delay aerobic deterioration 
(Woolford, 1984). Experiments were carried out by Lindgren et al. (1983) to 
study the effect of Propionibacterium shermanii when mixed with L. plantarum 
or Pediococcus acidilactici on the fermentation of broths. They found that 
Propionibacterium shermanii was dominant but when an inoculum containing all 
three bacteria was added to a fresh crop lactic acid was produced but no 
increase in acetic or propionic acids was observed. Woolford (1975c) suggested 
that propionic acid bacteria had limited activity in silage, only producing 
propionic acid in small quantities. 
A large number of the additives on the U.K. market are inoculum based. Table 
1.13.2 shows a few examples of the various commercial biological additives that 
are available. Most of the commercial inoculants are based on freeze-dried 
cultures of L. plantarum with the addition of other 
homofermentative LAB (Rooke et al., 1988; Scale and Henderson, 1984). The 
incorporation of clostridial phages into microbial silage inoculants has become 
prevalent recently although their effectiveness may be limited due to their high 
level of species specificity and also due to the development of resistance. Investigations of commercial 
additives have been carried out by numerous workers (Henderson and McDonald, 1984: Lindgren 
et al., 1983; Scale et al., 1986) giving a wide range of results due to the different 
inoculants and crops used (Seale, 1986). In laboratory-scale studies, a faster pH 
fall and a lower pH value in inoculated compared to control silages was 
reported (Kung et al., 1984; 1987; O'Leary and Hemken, 1980; 1983; Pahiow 
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Table 1.13.2 Examples of commercial silage inoculants. 
Additive name Named microorganisms Additional 
and distributor, and/or enzymes present. information. 
Ecosyl L. plantaium 1.0 x 106 cfu g' fresh 
(ICI) material. 
Diamond L. plantarum 1.0 x 106  cfu g4 fresh 
Triplesile-Plus Pediococcus spp. material. 
(3 Bibby Enzymes Dried or water 
Agriculture Ltd.) dispersible. 
Biomax L. plantarum 1.0 x 106  cfu g' fresh 
(Gower Chemicals Ltd.) P. pentosaceus material. 
Water dipersible. 
Sure-sile L. plantarum 2.5 x 105 cfu g- ' fresh 
(Microbial P. acidilactici material. 
Developments Ltd.) Enzymes Granular or liquid. 
Nutrients 
Lactomol L. plantarum 2.0 x 105  cfu g4 fresh 
(Rumenco) P. acidilactici material. 
Clostridial phages Molasses applied at 
Suspended in molasses 9 1 tonne'. 
Clampzyme Hemicellulase, Applied at 
(Forum Feeds) Cellulase 0.2 1 tonne 1 
Glucose oxidase 
Excellex Cellulase Applied at 
(Berk Ltd.) 0.25 kg tonne-1  
(Weddell et al., 1990). 
84 
1984). Some workers reported variable results (Oritz et al., 1984) and others no 
improvement in the fermentation (Hooper et al., 1984; McDonald et al., 1965; 
Shockey et al., 1983). O'Leary and Hemken (1983) found that application of an 
inoculant on the farm scale resulted in a lower pH value, and lower clostridia, 
yeast and mould counts. Henderson and McDonald (1984) compared the effect 
of six commercially available inoculants on silage against a formic acid-treated 
and control silage in laboratory scale silos. Only one inoculant which contained 
both L. plantarum and P. acidilactici was found to reduce the pH values to an 
acceptable level after 24 h. Henderson and McDonald (1984) concluded that 
commercial inoculants can influence fermentation patterns during ensilage but 
the products available at that time were unlikely to be as efficient as formic acid 
in reducing undesirable products e.g. acetate and ammonia-nitrogen. 
The first commercial inoculants were unsuccessful due to too low an application 
rate, 102 104 bacteria g4  herbage ensued (Henderson and McDonald, 1984). 
Under natural conditions the harvesting process increases the counts of LAB on 
the crop (discussed in section 1.8). Although counts may be low on the standing 
crop it is not unusual to obtain a count of 105  cfu g' fresh material (Henderson 
et al., 1972) by the time the forage is loaded into the silo. Thorne (1981) applied 
a commercial inoculum containing L. acidoplzilus (200 bacteria g-1 fresh 
material) to grass and observed no effect on the pH, concluding that the 
addition of small numbers of LAB are unlikely to influence the fermentation. 
This observation led to inoculant levels being increased. An inoculant level of 
108 L. plantarum and P. acidilactici g' grass ensued produced a fast and efficient 
fermentation, low pH and ammonia-nitrogen values and a high residual WSC 
content (Heron and Henderson, 1981). However, this application rate is 
commercially impractical due to cost of production. An efficient inoculum can 
be achieved by using a level of 105 (but preferably 106) bacteria g 4 forage, and 
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the cost of this is viable. Bolsen and Laytimi (1988) investigated 11 inoculants 
of which more than 80% supplied more than 10 5 viable LAB g' forage. They 
concluded that if silages had a high number of LAB at harvest (greater than 5 x 
105 cfu g 1  fresh material) then the addition of an inoculant was unlikely to 
affect the rate of fermentation. The higher the inoculant level the more efficient 
the fermentation (Ely and Moon, 1982; Ohyama et al., 1973b). Heron (1985) 
ensued mixed ryegrass with three levels of an inoculum 10 4, 106  and 108 cfu g4 
grass. The results showed that a faster fermentation was achieved with 
increased inoculum level. However, some workers have found little difference 
between two different inoculant levels (Burghardi et al., 1980; El Hag et al., 
1982; Huber et al., 1983; Kung et at., 1984) but this is usually because the level 
of addition is too low to dominate the epiphytic LAB or that there is only a 
slight difference between the levels applied. The viability of a commercial 
product during prolonged storage is important as it affects the inoculant rate 
and consequently the fermentation. Counts of viable organisms in one 
commercial inoculant were found to fall from a potential application rate 200 to 
100, 20 and 2 bacteria g-' grass after 1, 2 and 3 months respectively (Thorne, 
1981). 
The addition of an inoculum on its own does not guarantee the successful 
fermentation of a crop. Work by Henderson et al. (1984b) demonstrated the 
dangers of applying an inoculant to lucerne or other low sugar crops. Increasing 
the application rate of inoculation would not compensate for lack of sugar, 
whereas increasing the application rate of chemical additives would help. 
Addition of extra fermentable carbohydrate is essential when dealing with 
young, wet and/or leafy material all of which contain too low a sugar level to 
stimulate the formation of lactic acid by the LAB (Allen et at., 1937b). 
Investigations have usually proved the benefits of adding both an effective 
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inoculant containing homofermentative LAB and a carbohydrate source 
(Carpintero et al., 1979; Lesins and Schulz, 1968; Ohyama et al., 1971; 1975b) 
and this may provide a satisfactory technique for replacing high levels of 
chemical additives, particularly for lucerne and other low sugar crops 
(Henderson et al., 1984b; Seale et al., 1986). However, Svensson and Tveit 
(1964) found that the addition of LAB to molasses did not improve the 
fermentation more than molasses alone. McDonald et al. (1964) found that the 
addition of an inoculum composed of 8 strains of lactobacilli did not benefit the 
fermentation when added to ryegrass with a high WSC content of 162 g kg -' DM 
although it aided the ensilage of cocksfoot (Daciylis glomerata) which had a low 
sugar content (42 g kg -' DM). This suggests that an inoculum assists the 
fermentation of low sugar crops more than of herbage with a high sugar content. 
A later study showed that the addition of an inoculum could benefit a crop 
which is difficult to ensue due to its high buffering capacity e.g. red clover even 
though it' possessed a relatively high (118 g kg - ' DM) content of fermentable 
sugars compared to the cocksfoot (McDonald et al., 1965). 
Some manufacturers recommend the addition of carbohydrate with their 
inoculum e.g. Lactomol produced by Rumenco, Staffs., U.K. The addition of 
sugar not only increases the amount of available substrate in the inoculum but 
also the growth of the LAB in the inoculum (Henderson et al., 1984b). 
McDonald et al. (1983) found that the application of L. plantarum and glucose 
to ryegrass increased the fermentation acids, particularly the lactic acid, in the 
silages compared to an untreated control. A faster decrease in Gram-negative 
bacteria after the addition of both an inoculant and a carbohydrate source has 
also been observed on several occasions (Henderson et al., 1984b; Lindgren et 
al., 1983). 
87 
The addition of carbohydrate alone does not guarantee the production of good 
silage; both efficient acid-producing LAB and sufficient carbohydrate levels are 
required to ensure success. Carpintero et al. (1979) investigated the effect of an 
inoculant containing L. plantarum, E. faecalis and Leuconostoc mesenteroides on 
ryegrass-clover pretreated with glucose. Lower pH values, acetic acid and 
ammonia nitrogen levels as well as higher residual WSC and protein-N levels 
were observed in the treated herbage compared to the control. Seale et al. 
(1986) ensiled lucerne in laboratory scale silos with or without glucose or 
fructose, and with or without one of two commercial inoculants, both of which 
contained Lactobacillus plantarum. A satisfactory fermentation was only 
obtained in those silages treated with both inoculant and sugar. The results 
suggested that if there was insufficient sugar in the original crop then the 
bacteria in an inoculant would be unable to produce enough lactic acid to lower 
the pH to an acceptable level. Similarly, Ohyama et al. (1973a; 1973b; 1975b) 
found that the addition of a mixture of glucose and L. plantarum to Italian 
ryegrass (Lolium multifiorum) and cocksfoot resulted in a good fermentation. 
The control silage was poor and the addition of glucose on its own gave variable 
results. Investigations into the effect on the fermentation of adding glucose and 
xylose to perennial ryegrass inoculated with L. plantarum were carried out by 
Chamberlain (1988). The glucose was consumed within 21 d of ensilage and 
was associated with high ethanol levels, whereas the xylose remained until after 
100 d of ensilage although the silage had a high concentration of acetic acid. 
The results indicated that the addition of extra sugar in the form of glucose may 
allow yeasts to proliferate and assume a more prominent role in the 
fermentation. 
Lindgren et al. (1983) found that a more efficient fermentation could be 
achieved by using 10% rolled oats as a silage additive as total conservation 
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losses were reduced, and nutritional value and acid content of the silage 
improved. The effect of the addition of a carbohydrate source, with or without 
the addition of lactobacilli, was compared to a mineral acid-treated and control 
silage (Allen et al., 1937b). The lactobacilli culture consisted of L. acidophilus, 
L. ca.sei and L. bulgaricus, and the carbohydrate source was in the form of whey 
(dried and fresh) or molasses. Inoculants with either whey or molasses resulted 
in a high lactic acid content and the production of good quality silage. Fresh 
whey proved to be unsatisfactory due to the large volume of it required. The 
best results were achieved by using a carbohydrate and lactobacilli mixture 
which caused the lactobacilli numbers and lactic acid production to increase, 
and therefore the pH to fall below that of the control. Molasses was found to 
be a more suitable carbohydrate source than whey. 
The DM of the crop can affect the growth of desirable and undesirable 
microorganisms (Woolford, 1984). At high DM levels (greater than 35%) 
several studies have shown the beneficial effects of the addition of an inoculant 
compared to the control (Jonsson and Pahiow, 1984; King et al., 1983; Kung et 
al., 1984; O'Leary and Hemken, 1980; 1983; Thomas et al., 1983). Other 
studies have shown little if any (Buchanan-Smith and Yao, 1979; 1981; Drake 
et al., 1981; Huber et al., 1983; Seale and Henderson, 1984; Nelson et al., 
1989a; 1989b; Shockey et al., 1988) improvement in silage quality by the 
addition of the inoculant to high DM crops. El Hag et al. (1982) concluded that 
moisture rather than inoculation was the main factor affecting the preservation 
of silage. 
The inoculum should be applied in the liquid form to ensure a more even 
distribution (Henderson and McDonald, 1984). In theory, the microbes should 
become active more quickly if applied in water than if applied as a dried 
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culture. Seale (1986) compared the effect of an inoculum applied as dried 
culture, to already reasonably dry surfaces, and in solution. He concluded that 
the microorganisms became active more quickly when in solution. Faber et al. 
(1989) found that when ensuing shelled and ear corn with a dried or liquid 
inoculant the mode of application had no effect on the fermentation, but the 
physical state of the inoculum and its affect on the fermentation may depend on 
the crop ensued. Oritz et al. (1984) ensiled lucerne, maize and sorghum with 
dried inoculant and a liquid suspension of the inoculant. The rate of pH 
decline and lactic acid concentration was not affected by either inoculant in 
lucerne or maize, whereas in sorghum silages the liquid inoculum resulted in 
lower pH and DM losses, and a higher lactic acid level. Application of the 
inoculant microorganisms at the forage harvester stage rather than at the silo is 
more desirable because they begin to compete with the indigenous microflora at 
an early stage (Seale, 1986). An inoculum which is suitable for one crop may 
not necessarily be suitable for another. Enders et al. (1983b) found that a two-
culture combination improved the quality of cut maize silage while three 
different combinations were best for shell maize. In a similar study, Enders et 
al. (1983a) found with lucerne silage that a mixture of strains in the inoculum 
was the most effective. 
In some studies where the inoculated silage had undergone a more efficient 
fermentation, better quality silage was produced and an improvement in animal 
performance observed (Anderson et al., 1989; Bolsen and hg, 1981; Gordon, 
1989; Hooper et al., 1984; Kung et al., 1987; O'Leary and Hem ken, 1983; 
Thomas et al., 1983; Wohit, 1989). In contrast, other studies showed no 
improvement in intake, digestibility and/or performance (Bolsen et al., 1981; El 
Hag et al., 1982; Ely et al., 1982; Kent et al., 1988; Wittenberg et al., 1983). 
Hinds et al. (1983a) found no difference in intake or average daily live-weight 
gain, although the inoculated silage had a higher DM recovery and lactic to 
acetic acid ratio, indicating a more efficient fermentation than the control 
(Hinds et al., 1983b). Rooke et al. (1988) found that in formic acid-treated 
silages there was a greater retention of urinary nitrogen compared to the control 
or L. plantarum -treated silages. Food intake by sheep increased by the same 
extent for both silage treatments. These findings agree with previous studies 
(Hooper et al., 1984; Thomas and Thomas, 1985) where increases in intake with 
both formic acid and inoculant-treated silages were observed. 
At present there is no European Economic Community legislation specifically 
dealing with silage additives and in the U.K. they are only covered by the 
general provision of the Agricultural Act (1970) and the Feeding Stuffs 
Regulations (Adamson et al., 1986: 1987). Manufacturers are therefore free to 
change the composition and/or density of their inoculum. Occasionally the 
number of organisms claimed g' of grass ensued is lower than advertised. 
Some inocula do not always successfully survive the freeze-drying process, the 
bacteria may be damaged during the process and have or tend to have an 
unsatisfactory shelf-life. 
At present LAB are the only group of microorganisms likely to be useful in the 
treatment of silage, and evidence of ensilage efficiency on the farm scale is 
limited. Results from laboratory-scale trials are usually more successful than 
from farm-scale trials, since the chopping process used results in a smaller 
number of epiphytic LAB and therefore a lower level of inoculant is required to 
dominate the microflora. The delay between harvesting and ensiling is greater 
in the farm situation and this allows the number of epiphytic LAB to increase, 
thus requiring a larger inoculant level to dominate the microflora. Finally, 
greater care is taken during the filling process of laboratory rather than farm 
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silos. Despite this, several studies have shown that there is no significant 
difference between data produced from laboratory and large scale silos 
(Henderson et at., 1982a; Rooke et al., 1988; Wilson and Wilkins, 1972). 
Inoculants which contain a mixed culture of homofermentative LAB and a 
cheap carbohydrate source would appear to be best. Rate of application is 
important and more stress should be put on the ability of the microorganisms to 
grow rapidly and compete successfully with the epiphytic LAB (Woolford, 
1984). 
1.133 Enzymes. 
Forage plants have a large reservoir of carbohydrate in the form of 
polysaccharides. Grasses and legumes contain cellulose, whereas corn contains 
cellulose and starch. The addition of cellulolytic and amylolytic enzymes to 
forage releases an extra available carbohydrate source which increases the 
fermentation capacity. The enzymes usually found in inoculants are mainly 
lignase, amylase, pectinase, hemicellula.se and cellulase (Seale, 1987). 
The action of ligninase is energy dependent and phenolic compounds are 
produced upon the hydrolysis of lignin and may adversely affect the feeding 
quality of the silage (Seale, 1987). Amylase has little effect on grass silage as 
grass does not contain much starch, and maize which is high in starch usually 
contains enough fermentable substrate to produce well-preserved silage 
(McDonald, 1981; Seale, 1987). Amylase also has an adverse effect on the 
aerobic stability of the maize silage. Pectinase degrades pectin which results in 
cell break down and the release of cell nutrient, aiding the growth of the LAB 
(Seale, 1987). However, additions of large amounts of pectinase are not 
recommended as it may result in increased effluent production and, in some 
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cases, in the loss of the structure of the silage (Seale, 1987). The cellulase and 
hemicellulase cause an increase in the level of fermentable sugars in the silage 
due to the partial breakdown of complex carbohydrates in the plant cell 
(Henderson et al., 1982a). This allows more energy to be available for the 
growth of the LAB and consequently lactic acid production (Henderson and 
McDonald, 1977; Leatherwood et al., 1963; Rauramaa et al., 1987a). Cell wall 
degrading enzymes reduce the amount of surface waste and improve the overall 
digestibility of the organic matter (McCullough, 1964; Olson and Voelker, 
1961). The use of cellulase was first proposed in a German patent in 1940 
(Gascoigne and Gascoigne, 1960). This enzyme has varying abilities to 
solubilize cell wall material depending on its microbial source and the rate of 
application (Autrey et al., 1975; Henderson and McDonald, 1977). 
Owen (1962) found enzyme treatments increased nitrogen-free and ether 
extracts of silages, and reduced silage pH compared with an untreated control. 
Whittemore and Henderson (1977), however, found no difference in 
digestibility as a result of treating silage with cellulase when the silages were 
offered to pigs. A decrease in the cell wall content caused by these enzymes is 
influenced by the stage of maturity and DM content of the plant (van Vuuren et 
al., 1989). Cellulase is active between pH 4.0-6.0 but only if the moisture 
content is relatively high. Consequently it has little value with wilted crops 
(Henderson and McDonald, 1977). Henderson et al. (1982b) treated different 
crops with a commercial cellulase preparation, derived from Trichoderma viride, 
and formic acid. More cellulose was hydrolysed in the grass silages than in the 
legume silages. The chop length of a crop was also found to influence the 
effectiveness of the enzyme. Cellulase was found to be more efficient when 
applied to minced rather than finely or coarsely chopped herbage (Henderson et 
al., 1982b). Rauramaa et al. (1987b) found that higher yeasts counts were 
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present in cellulase treated silages, but the level was not above the critical value 
proposed by Daniel et al. (1970). These enzymes may also effect the extent and 
rate of degradation of silage in the rumen which could result in a higher 
digestibility and nutritive value (McHan, 1986). 
Hemicellulose in the plant material is affected by the ensuing process resulting 
in losses of acetyl and phenolic acid groups (Morrison, 1979). The degradation 
of hemicellulose resulting in the production of reducing sugars is caused by the 
action of plant enzymes, acid hydrolysis and microbial activity (Dewar et al., 
1963; Morrison, 1979). Morrison (1979) reported hemicellulose losses ranging 
from 10 to 20%. The practical importance of added hemicellulase is limited 
due to the already extensive breakdown that has occurred. 
The addition of a treatment containing enzymes only has not been found to 
improve markedly the fermentation or nutritional quality of a silage compared 
to the control (Jaster and Moore, 1988; Owen, 1962; Rooke et al., 1985). 
Henderson et al. (1987b) found that the addition of cellulase with a bacterial 
inoculant improved the fermentation, particularly at a high level of enzyme 
application. Morrison (1988) found that neither the addition of glucose oxidase 
or the starch-hydrolyzing enzyme complex, Termamyl, to lucerne improved the 
fermentation. The starch-degrading enzyme complex did enhance the loss of 
starch from the lucerne but it did not appear to have any significant effect on 
the silage characteristics measured. 
Considering the cost of enzymes and inoculants, it is difficult to understand how 
inoculant additives which contain both can provide enough active ingredients to 
be effective yet maintain a reasonable profit margin. Cellulase activity, 
genetically incorporated into LAB would provide an ideal solution but this is 
unlikely because cellulase is very complex (Seale, 1986). In the long term 
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microbial or biological inoculants have to be economically worthwhile for the 
farmer to use them. 
1.14 Aerobic deterioration inhibitors. 
These are intended to inhibit aerobic deterioration of the silage on exposure to 
air. Several workers have shown that propionic acid can have beneficial effects 
in preventing aerobic deterioration of silage (Crawshaw et al., 1980; Daniel et 
al., 1970; Gross and Beck, 1970; Huber and Soejono, 1976; Mann and 
McDonald, 1976; Ohyama et al., 1975a). Hara and Ohyama (1979) found that 
applications of propionate reduced the growth of Saccharomyces exiguus but did 
not affect Pichia membranaefaciens. Propionic acid affects most of the 
organisms responsible for aerobic deterioration of silage, but it is usually only 
effective at a relatively high concentration that is uneconomic (Henderson et al., 
1987a; Weddell et al., 1990). Sorbic acid has the potential of being an aerobic 
deterioration inhibitor as it has a strong inhibitory effect on yeast and mould 
growth (Gross and Beck, 1970; Woolford, 1975c). Acrylic acid and its sodium 
salt can prevent deterioration of maize silage (Wilson et al., 1979) but not of 
ryegrass silages. This suggested that the acrylic acid and sodium acrylate were 
effective against bacteria in the maize silage but not against yeasts which-are the 
major cause of aerobic deterioration in ryegrass silage. Di Menna et al. (1981) 
found that sodium benzoate had little effect on the fermentation of silage but its 
biostatic, particularly fungistatic, activity persisted through 17 d exposure to air 
during which time the pH remained low and fungal numbers did not rise. 
1.15 Nutrients. 
Nutrients, when added to ensued material, improve the nutritional value of the 
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silage and many also act as fermentation stimulants thus improving the 
fermentation. Crops that are deficient in nitrogen e.g. maize may require the 
addition of a protein-rich food or alternatively to be ensued with urea (Lessard 
et al., 1978; McDonald, 1981). The addition of urea to a crop can cause an 
increase in the pH, fermentation acid concentration, crude protein, free amino 
acids and ammonia-nitrogen levels. Increased pH values were recorded even 
though more fermentation acids were produced due to the buffering capacity of 
the ammonia released from the urea; urea also aids microbial protein synthesis 
(Lessard et al., 1978). 
The nitrogen content of silage can be improved by the addition of ammonia. 
Ammonia is applied to silage for the same reasons as stated above for urea; it 
stimulates the production of lactic acid, causes an increase in the initial and 
final pH values, and decreases the growth of fungi on exposure to air (Britt and 
Huber, 1975). Commercial non-protein nitrogen additives mainly contain 
ammonia and frequently minerals and molasses (Mowat et al., 1976; Phipps and 
Fulford, 1977). The use of molasses counterbalances the increased buffering 
capacity of the ammonia. Soderhoim et al. (1988) ensued snapped ear corn with 
no additive, ammonia hydroxide, or with a commercial urea plus molasses 
product. The urea and molasses treated-silage resulted in a poorer 
fermentation as increased levels of acetic, butyric and propionic acids, and 
increased pH values were recorded compared to the control. Variable results 
have also been obtained from feeding trials using ammonia-treated silage (Ely, 
1978). 
The addition of minerals e.g. calcium to silage have resulted in an improvement 
in animals performance (Ely, 1978). However, sufficient quantities of WSC 
must be available to counteract the alkaline nature of the calcium salt, 
W. 
otherwise clostridial-type silages may result (McDonald, 1981; Nicholson and 
Cunningham, 1964). 
1.16 Absorbents. 
Absorbents e.g. alkaline-treated straw pellets or molassed sugar beet pulp, are 
mixed or layered in a crop at the time of ensuing. The addition of molassed 
beet pulp is more advantageous to silage than straw pellets as it provides a 
product of high digestibility which animals find very palatable (Crawshaw, 
1987). The high sugar content of molassed beet pulp may also influence the 
silage fermentation. However, the benefits of molassed beet pulp have not 
been proven and distribution within the silage mass is difficult (Crawshaw, 
1987). The aim of absorbents is to soak up any effluent produced. Some 
products claim to absorb up to six times their own weight in effluent (Weddell et 
al., 1990). 
1.17 Summary. 
Silage is produced from the natural or controlled fermentation of herbage of 
high moisture content (McDonald and Whittenbury, 1973; Woolford, 1984). 
The objective of this process, termed ensilage, is to preserve a crop with the 
minimum loss of nutrients. Normally during ensilage bacteria produce acids 
which cause a reduction in the pH and prevent the growth of the spoilage 
microorganisms. 
Under natural conditions, ensilage is a process subject to many variables and 
this inevitably leads to a product of fluctuating quality. The use of silage 
additives can improve the reliability of the ensilage process, regardless of the 
dry matter of the crop and the weather conditions. Chemical additives e.g. 
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formic acid and mineral acids were initially developed early in the 1930s (Virtanen, 
1933). These types of additives generally result in the direct acidification of the 
herbage which inhibits the growth of the undesirable microorganisms. The 
growth of the lactic acid bacteria may also be suppressed but to a lesser extent. 
However, the highly corrosive nature of chemical additives to expensive farm 
machinery and their hazardous effects on farm workers promptd the 
development of alternative silage additives. 
Bacterial inoculants were developed to provide a source of homofermentative 
LAB that would dominate the lower acid-producing epiphytic microflora. 
Several criteria have been defined to aid in the selection of a potential silage 
inoculant (Lindgren, 1984; McDonald, 1983; Whittenbury, 1961; Wieringa and 
Beck, 1964). L. plantarum has been found to be the most suitable silage 
microorganism as it satisfies more of the criteria defined (Bryan-Jones, 1969; 
Whittenbury, 1961; Wieringa and Beck, 1964). However, the combination of 
L. plantarum with other LAB would ensure that all the defined criteria were 
satisfied. 
The addition of an inoculum on its own does not guarantee the successful 
preservation of a crop. If the sugar level of a crop is too low then the growth of 
the LAB may not be stimulated sufficiently to allow the subsequent formation 
of lactic acid and an adequate reduction in the pH (Allen et al., 1937b). 
Investigations have usually proved the benefits of adding both an effective 
inoculant containing homofermentative LAB and a carbohydrate source 
(Carpintero et al., 1979; Lesins and Schulz, 1968; Ohyama et al., 1971; 1975b) 
and this may provide a satisfactory technique for replacing high levels of 
chemical additives (Henderson et al., 1984b; Seale et al., 1986). 
The objective of this study was to develop a bacterial silage additive that would 
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improve the efficiency of ensilage of a crop. A number of LAB were tested to 
determine which would be the most suitable for use in a silage inoculant. The 
inoculant would preferably contain a strain of L. plantarum and pediococci or 
streptococci. Once the most suitable cultures were found they were combined 
in an appropriate ratio and the effect on the ensilage of herbage studied. 
Improvements to the inoculant may be achieved by altering the ratio of the 
constituent cultures. Findings of other studies have shown the benefits of 
adding a bacterial inoculant with a carbohydrate source. In this study the 
inoculant was developed with emphasis on combining the bacterial cultures with 
molasses. The efficiency of the inoculant on the fermentation of a herbage was 
established by comparing the ensilage of the same herbage with a commercially 
available inoculant, Lactomol, which contains both bacterial cultures and 
molasses, and/or an untreated control. Subsequent freeze-drying of the 
bacterial cultures in the inoculant allowed more comparative studies to be made 
against the commercial inoculant. A more accurate study of the efficiency of 
the inoculant was achieved by ensiling herbage on a larger scale, reflecting 
more closely the farm situation. The quality of the resultant silage was assessed 
further in animal trials. 
CHAPTER TWO 
MATERIALS AND METHODS. 
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2.0 Introduction. 
Unless otherwise specified, chemicals and antibiotics were obtained from either 
British Drug Houses Ltd., Thornliebank, Glasgow, United Kingdom (U.K.) or 
the Sigma Chemical Company, Poole, Dorset, U.K. and were of reagent grade 
or better. Media were obtained from Oxoid Ltd., Basingstoke, Hants, U.K. and 
filter paper was obtained from Whatman, Maidstone, Kent, U.K. Cellulose 
nitrate membrane filters (25 mm diameter) with 0.45 gm pore size were 
obtained from Millipore (U.K.) Ltd., Watford, U.K. 
2.1 Media. 
Media (9.0 ml) were dispensed into either 13 mm diameter test tubes or 5.0 cm 
diameter disposable petri dishes. Test-tubes (16 mm diameter) were used for 
serial dilutions. All media were sterilized at 15 p.s.i. (121°C) for 15 min unless 
otherwise stated. The pH of each medium was adjusted to the stated level by 
using 1.0 M hydrochloric acid or 1.0 M sodium hydroxide. All antibiotics were 
filter-sterilized and added after the medium had cooled to 50°C. The final 
concentrations of the antibiotics in the media were as follows:- 
Cycloheximide 100 jig ml of agar, 
Penicillin G 30 jig ml' of agar, 
Streptomycin sulphate 30 jig m1 1 of agar. 
Cycloheximide was added only to the de Man, Rogosa, Sharpe (MRS) agar 
(1960) used for the microbiological analysis of herbage and silages. The 
composition of the different media used was as follows:- 
Acetate buffer 1 (2.0 M). 




Acetate buffer 2 (0.2 M). 
Stock solutions:- 
Solution A: 0.4 M solution of acetic acid (glacial), 23.10 ml in 1000 ml distilled 
water. 
Solution B: 0.4 M solution of sodium acetate.3H 20, 54.4 g in 1000 ml distilled 
water. 
41.0 ml of solution A and 9.0 ml of solution B were mixed and diluted with 
distilled water to 100 ml to give a 0.2 M solution of pH 4.0. 
22.8 nil of solution A and 27.2 ml of solution B were mixed and diluted with 
distilled water to 100 ml to give a 0.2 M solution of pH 4.5. 
(Cruickshank et al., 1968). 
Anaerobic seal. 
L-cysteine hydrochloride, 0.5 g; agar technical No.3, 10 g; resazurin, 1 tablet; 
mercaptoacetic acid, 0.5 ml; tap water, 1000 ml. 
pH 7.0 
(Based on the medium of Rosenberger, 1951). 
Homofermentative test medium (HTM). 
Neutralised bacteriological peptone, 10 g; yeast extract, 5 g; fructose, 30 g; 
glucose, 5 g; Tween 80, 1 ml; distilled water, 1000 ml. Phosphate buffer 
(0.002 M) was used to maintain the medium at the specified pH. 
pH 6.0 
(Woolford and Sawczyc, 1984). 
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Lactate-acetate agar. 
Yeast extract, 10 g; sodium acetate, 8 g; Tryptone, 5 g; agar technical No.3, 12 
g; sodium lactate (70% w/v), 21.5 ml; distilled water, 1000 ml. 
pH 6.5 
(Spoelstra, 1984) 
Lactate assimilating yeast medium (LAY medium). 
Bacto yeast nitrogen base, 6.7 g; agar technical No.3, 15 g; distilled water, 885 
ml. 
Autoclaved at 110°C for 15 mm, allowed to cool to 50°C, then added; lactic 
acid (10%), 100 ml; 5.0 M sodium hydroxide, 15 ml; penicillin G (30 mg m1 1 ), 
1 nil; streptomycin sulphate (30 mg mF'), 1 ml. 
pH 3.8 
(Jonsson and Pahlow, 1984). 
Lactate medium. 
Sodium acetate, 8 g; ammonium sulphate, 1 g; yeast extract, 6 g; L-cysteine 
hydrochloride, 0.5 g; agar technical No.3, 2 g; p-aminobenzoic acid (1 mg ml -1 ), 
0.1 ml; resazurin, 1 tablet; biotin (10 ig  m1 1), 0.1 ml; mercaptoacetic acid, 
0.5 ml; sodium lactate (70%), 14.3 ml; tap water, 1000 ml. 
pH 6.0 
(Based on the medium of Rosenberger, 1951). 
Malt extract agar (MEA). 
Malt extract agar, 50 g; distilled water, 1000 ml. 
Autoclaved at 115°C, then added; lactic acid (75%), 6.7 ml; penicillin G 




MRS broth, 52 g; agar bacteriological No.1, 10 g; distilled water, 1000 ml. 
pH 6.2 
(De Man et al., 1960). 
MRS broth (modified). 
Neutralized bacteriological peptone, 10 g; lab lemco, 8 g; yeast extract, 4 g; 
sucrose, 15 g; di-potassium hydrogen orthophosphate trihydrate, 2 g; sodium 
acetate, 3.01 g; triammonium citrate, 2 g; magnesium sulphate, 0.2 g; 
manganous sulphate, 0.05 g; distilled water, 1000 ml. 
pH 6.2 
Proteolytic medium. 
Neutralized bacteriological peptone, 10 g; gelatin, 120 g; yeast extract, 2 g; 
L-cysteine hydrochloride, 0.5 g; resazurin, 1 tablet; tap water, 1000 ml. 
pH 7.0 
(Based on the medium of Rosenberger, 1951). 
Quarter-strength Ringer solution. 
Ringer, 2 tablets; distilled water, 1000 ml. 
Tablets are equivalent to the following: sodium chloride, 2.25 g; potassium 
chloride, 0.105 g; calcium chloride, 0.12 g; sodium bicarbonate, 0.05 g; 
distilled water, 1000 ml. 
pH 7.0 
Skimmed milk (SM). 
Dried skimmed milk, 100 g; distilled water, 1000 ml. 
Autoclaved at 121°C for 5 mm. 
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Tween acetate agar (TAA). 
Yeast extract, 5 g; lab lemco, 8 g; neutralized bacteriological peptone, 10 g; 
glucose, 5 g; fructose, 5 g; triammonium citrate, 2 g; agar technical No.3, 20 g; 
salts solution (magnesium sulphate, 80 g; manganous sulphate, 20 g; distilled 
water, 1000 ml), 5 ml; Tween 80, 0.5 ml; distilled water, 1000 ml. Autoclaved 
as normal, allowed to cool to 50°C, then added 2.0 M acetic buffer 1, 111 ml; 
cycloheximide (10 mg ml -1 ), 10 in!. 
pH 5.4 
(Based on the medium of Keddie, 1951). 
Violet red bile glucose agar (VRBGA). 
Violet red bile glucose agar, 38.5 g; distilled water, 1000 ml. 
pH 7.4 
Water agar. 
Agar technical No.3, 20 g; distilled water, 1000 ml. 
Yeast extract broth (YEB). 
Yeast extract, 5 g; lab lemco, 5 g; neutralized bacteriological peptone, 5 g; 
fructose, 5 g; distilled water, 1000 ml. 
pH 7.0 
(Woolford, 1976). 
2.2 Bacterial cultures. 
2.2.1 Bacterial strains. 
Sixty-four cultures of lactic acid bacteria (LAB) were obtained from stock 
cultures held at: NCIMB Ltd., Torry Research Station, Aberdeen, U.K.; Tate 
and Lyle, Group Research and Development, Reading, U.K.; Distillers 
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Company, Edinburgh, U.K.; 	Dr F. R. Priest, Heriot-Watt University, 
Edinburgh, U.K.; and Dr S. J. E. Heron, East of Scotland College of 
Agriculture, Edinburgh, U.K. In addition two cultures isolated from a 
commercial silage inoculant were alsO examined. All these cultures are listed in 
Table 2.2.1. Cultures strains L71 and P826 were identified as Lactobacillus 
plantarum and Pediococcus pentosaceus respectively by L. J. Janes (Tate and 
Lyle, Group Research and Development, Reading, U.K.) 
2.2.2 Maintenance of cultures. 
The bacterial cultures were originally maintained on MRS agar slopes in 
universals (4°C) and later transferred into a mixture of 15% sterile glycerol and 
85% MRS broth (as Oxoid), and stored at -20°C. Strains were subcultured on a 
four-monthly basis. 
2.2.3 Examination of cultures. 
Culture examination was carried out using a Vickers Instruments light 
microscope at x1000 magnification with oil immersion. Culture purity was 
determined by Gram staining. Gram staining was according to a modified 
method of Kopeloff and Beerman (1922; cited by Cruichshank et al., 1968). A 
heat-fixed smear of solid culture was suspended in a droplet of water on a slide 
and prepared in the normal way. The culture was stained with the following 
solutions: a) crystal violet, 0.5% (w/v) aqueous solution, 1 mm; b) Grams 
iodine, 0.3% (w/v) and 0.7% (w/v) potassium iodine aqueous solution, 1 mm; 
c) the slide was then washed with 95% ethanol, 2-3 sec; d) rinse with water; e) 
and counter stained with basic fuchsin, 3% (w/v), 2 mm. 
Table 2.2.1 List of species and strains of lactic acid bacteria 
examined. 
Culture nomenclature Symbol Source 
SbptococcUsfaecaIiS 775 TR 
S. faecoiis 2707 TR 
Leuconostoc mesenteroides 3351 TR 
Lactobacillus brevis 4036 TR 
L. casei 4113 TR 
L. brevis 4617 TR 
L.plantaiwn 5914 TR 
• plantaum 6105 TR 
S. faecalis 6459 TR 
Fediococcus acidilactici 6990 TR 
S. faecium 8274 TR 
L. buchneñ 8837 TR 
S. faecaiis GTC 036 DC (NCTC 775) 
S. faeciwn GTC 038 DC (NCFC 7171) 
L. plantaiwn GTC 047 DC (NCTC 6376) 
L. fennenti GTC 053 DC (NCIB 8828) 
Lfn.ictivomns GTC 060 DC (FBA 1112) 
L. casei var. rhamnos GTC 069 DC (NCIB 6375) 
L. bulgans (3TC 071 DC (NCDO 1373) 
L. buchnen GTC 073 DC (NCIB 8007) 
L. acidophilus GTC 075 DC (NCIB 8690) 
L plantanan GTC 080. DC 
L. plantaiwn GTC 085 DC 
L. plantanun GTC 088 DC 
L. plantanim GTC 089 DC 
S. faecium GTC 090 DC 
Lplantansm GTC 091 DC 
L. plan twwn GTC 092 DC 
P. acidilactici GTC 093 DC 
P. acidilactici GTC 094 DC 
Pediococcus spp. GTC 095 DC 
Pediococcus spp. GTC 096 DC 
Pediococcus spp. GTC 097 DC 
• plantaiwn GTC 098 DC 
• plantansm R57 HW 
• plantaium R58 HW 
• plan:ansm R62 HW 
L plantanim 	 - R63 HW 
L plantaiwn R75 HW 
L.planzwwn R106 HW 
L.plantaiwn R114 HW 
L.plantansm R115 HW 
L. plantatum R137 HW 
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Table 2.2.1 (cont) List of species and strains of lactic acid bacteria 
examined. 
Culture nomenclature Symbol Source 
L. plan ransm Lb2i TL 
P. acidilactici Pd2i TL 
L. planraium Li SA 
L. plantarum U SA 
L. plantaiwn L71 SA 
Lactobacillus spp. Lb85 SA 
Pediococcus spp. P1 SA 
Pediococcus spp. P37 SA 
Pediococcus spp. P40 SA 
Pediococcus spp. P41 SA 
Pediococcus spp. P42 SA 
Pediococcus spp. P42 SA 
Pediococcus spp. P58 SA 
Pediococcus spp. P59- SA 
Pediococcus spp. P60 SA 
Pediococcus spp. P65 SA 
Pediococcus spp. P72 SA 
Pediococcus spp. P75 SA 
Pediococcus spp. P77 SA 
Pediococcus spp. P79 SA 
Pediococcus spp. P81 SA 
Pediococcus spp. P84 SA 
P. pentosaceus P826 SA 
KEY 
DC 	- Distillers Company, Edinburgh, U.K. 
FBA - Freshwater Biological Association, Ambleside, Cumbria, 
U.K 
HW 	- Heriot-Watt University, Edinburgh, U.K. 
NCDO - National Collection of Dairy Organisms. 
NCIB 	- National Collection of Industrial Bacteria. 
NCIMB - National Collection of Industrial & Marine Bacteria. 
NCTC 	- National Collection of Type Cultures. 
SA - East of Scotland College of Agriculture, Edinburgh, U.K 
ii 	- Tate and Lyle, Group Research and Development, 
Reading, U.K 
TR 	- NCIMB Ltd., Torry Research Station, Aberdeen, U.K. 
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2.2.4 Growth and harvesting of bacterial cultures. 
Culture samples were grown from the glycerol stocks in 10 ml sterile MRS 
broth. The above starter culture was then used to inoculate either agar plates 
or broth medium. All cultures were incubated at 32°C for 24 h, unless 
otherwise stated. 
Microaerophilic conditions for liquid culture growth were achieved by growing 
cultures in 200 nil volumes in 250 ml conical flasks. Flasks were incubated in a 
gently shaking water bath (The Mickel Engineering Co. Ltd., Gomshall, Surrey, 
U.K.). MRS broth (as Oxoid) was used for liquid culture growth unless 
otherwise stated. 
Large quantities of culture were grown by the batch fermentation technique. A 
20 1 capacity  fermenter (LH  fermenter 2500) was sterilized prior to use by 
autoclaving for 15 min once the internal temperature had reached 121°C. The 
fermentor vessel was filled with 15 1 sterile MRS broth (modified). The 
medium was heated to 32°C, agitated at 40 rpm and then the starter culture 
(400 ml) was added. After incubation for 24 h the medium was aseptically 
drained into 3 1 retainer vessels. A small residue of culture was allowed to 
remain in the fermenter to act as starter culture for the next fermentation run, if 
necessary. The fermenter was sterilized between changes of culture strains. 
Cells were harvested from the culture medium in 500 ml amounts by 
centrifugation at 2,500 rpm for 30 min at 4°C (3 1 capacity MSE centrifuge). 
The supernatant was partially decanted and, the soft pellets homogenized and 
pooled. Resuspended pooled pellets were centrifuged at 10,000 rpm for 30 mm 
at 4°C (MSE high speed 18 centrifuge). The supernatant was decanted and the 
cells resuspended in different volumes of fresh MRS broth depending on the 
culture strain 300 ml for L71 and 94 ml for P826 respectively. 
109 
2.2.5 Measurement of bacterial growth. 
Growth rates were determined by either following the increase in absorbance at 
580 mn in a one cm path length cuvette using a single beam spectrophotometer 
(model SP6500 UV, Pye Unicam, Philips Industries, Cambridge, U.K.) or by 
plate counts. Triplicate NMS agar plates were spread with 0.1 ml aliquots of 
the appropriate serial ten-fold dilutions prepared in Ringer solution 
(1.0 ml: 9.0 ml or 0.1 ml: 9.9 ml). Plates were incubated at 30°C for 24 h. 
2.2.6 Freeze-drying of cultures. 
The freeze-drying of cultures L. plantarum L71 and P. pentosaceus P826 in 
ampoules was carried out by the following procedure. Cultures were grown on 
MRS agar plates (section 2.2.4) and removed by flooding the surface with a 
small volume of the appropriate suspension fluid while gently disturbing the 
growth with an inoculating loop. The turbid suspension was decanted and 
mixed with the remaining suspension fluid to form an even distribution of cells 
(Scott, 1958). The number of cells was determined by plate counts, as described 
in section 2.2.5. The suspension fluids were as follows: MRS broth, 52 g l'; 
10% (w/v), rehydrated skimmed milk (SM); and 10% (w/v) SM with (10% w/v) 
sucrose. The latter suspension fluid was prepared by dissolving 10 g SM in 75 
ml distilled water, autoclaving, removing 3.75 ml and adding 1.25 ml filter-
sterilized (Millipore) sucrose, 40% (w/v). Ampoules (6 x 95 mm) were plugged 
with cotton wool and autoclaved. On cooling an aliquot (0.2 ml) of culture 
suspension fluid was placed in each. Cultures were freeze-dried using an 
Edwards high-vacuum freeze-drier (Manor Royal, Crawley, U.K.). The samples 
were centrifuged for 20 mm, while simultaneously a vacuum was drawn within 
the chamber. After approximately 20 min partial drying was achieved due to 
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the large surface area created by the process of centrifugation. The centrifuge 
was turned off and the vacuum maintained for a further 18 h. The cotton wool 
plugs were pushed down the ampoule to approximately 2.5 cm above the base 
and the ampoule constricted using heat. The ampoules were fitted into a 
secondary dryer head and the vacuum recreated (1-2 h). On completion, the 
constricted section of the ampoule was sealed b,i heat whilst under vacuum. 
The vacuum was tested using an Edwards ST4M spark tester. 
Freeze-drying of cultures grown in the fermentor (section 2.2.4) was carried out 
as follows. The concentrated cell pellets of L71 (600 ml total volume) and P826 
(94 ml total volume) were mixed with (10% w/v) skimmed milk, to form a 
smooth paste, 800 ml and 200 ml respectively. The viable count was established 
by removal of 1.0 ml aliquots from each culture (section 2.2.5). The cell paste 
was placed in a shallow tin (2.5 cm deep), pre-lined and covered with aluminium 
foil. The samples were frozen at -20°C overnight or until the required number 
of fermentation batches had been completed. The samples were freeze-dried 
for 6 d using an Edwards freeze-drier, and the "cake" was turned over half way 
through the process to ensure even drying. On completion of the freeze-drying 
process the culture was placed in a clean plastic bag and broken. To enable a 
viable count to be carried out (section 2.2.5), triplicate samples (1.0 g) were 
removed from a pooled sample of culture selected from various areas of the 
bag. 
Culture samples to be freeze-dried by the same process as Lactomol were 
processed at Microbial Developments Ltd., (Malvern Link, Worcestershire, 
U.K.). 
11]. 
2.2.7 Storage of freeze-dried cultures. 
The freeze-dried cultures were stored by two different processes. Ampoules 
containing the different combinations of culture and suspension fluids were 
stored at 0-4°C or 30°C. Culture viability was analysed by opening and 
resuspending the lyophilized samples in 0.2 ml room-temperature Ringer 
solution and carrying out plate counts (section 2.2.5). At each opening time, 
triplicate ampoules were opened for each culture/suspension fluid combination. 
Freeze-dried cultures, not in ampoules, were placed in foil-lined paper bags and 
heat sealed using a Tavak heat-sealer (Tavak Ltd., Bisley, Surrey, U.K.). 
23 Herbage. 
The herbage used for ensilage included cocksfoot, Italian ryegrass, lucerne 
(Medicago sativa), perennial ryegrass and timothy. The herbages were 
harvested at various stages of maturity. Unless otherwise stated the herbages 
were cut with an Allen Auto scythe and passed through a hand chopper to 
simulate the action of a forage harvester. 
The material was ensiled in laboratory or bunker silos with or without biological 
inoculants and with or without molasses. 
2.4 Molasses. 
It is not possible to establish a typical analysis of cane molasses as variety, 
maturity, climate, soil and processing conditions may affect its composition. In 
general cane molasses with a 75% dry matter content is composed of the 
following substances; total sugars (48-56%), sulphated ash (10-15%) and 
nitrogen (9-12%) (Baker, 1982). The carbohydrate content of molasses is 
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composed mainly of sucrose (30-40%) with varying proportions of glucose (5-
10%), fructose (5-10%) and ketose (1-2%) (Brown, 1982). Analysis of the cane 
molasses used in the ensilage experiments indicated a toluene dry matter (TPM) (p 118),  
content of 721 g kg- ' fresh matter and a WSC content of 688 g kg - ' DM, which is 
equivalent to 496 g kg- ' FM (49.6%). Molasses has a density of 1.4 g ml'. 
2.5 Experimental silos. 
Laboratory silos were used throughout this study, unless otherwise -stated. 
Throughout the experimental work two sizes of pyrex glass test-tube were used 
as laboratory silos:- 
i) 195 mm in length; 30 mm in diameter; holding capacity of 
approximately 100 g fresh herbage when tightly packed. 
ii) 250 mm in length; 40 mm in diameter; holding capacity of 220 g fresh 
herbage when tightly packed. 
For large scale ensilage experiments concrete bunker silos with a 6 tonne 
capacity were used. The bunker silos were situated at Bush Estate, Penicuik, 
Midlothian, Scotland, U.K. 
2.6 Preparation of silage inoculants. 
2.6.1 Commercial inoculant, Lactomol. 
Lactomol is manufactured by Microbial Developments Ltd., Malvern Link, U.K. 
for Tate and Lyle, Reading, U.K. and distributed through Rumenco, Burton-on-Trent, 
U.K. It consists of a freeze-dried preparation of Lactobacillus plantarum Lb2i 
(Table 2.2.1) and Pediococcus acidilactici Pd2i (Table 2.2.1), in a two to one 
ratio respectively. The inoculum is always applied to herbage in the presence of 
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molasses and at the manufacturer's recommended inoculation level, 1.0 x 10 
cfu g4  of herbage to be ensued. Prior to usage one g of Lactomol was 
reconstituted in nine ml Ringer solution and this was added to 200 ml (280 g) of 
molasses. The number of cfu g- ' in Lactomol was verified by dissolving one g 
Lactomol in 209 ml Ringer solution and immediately preparing serial dilutions. 
Pour-plates of MRS agar were made with the appropriate dilutions, allowed to 
set then overlayered with the same medium and incubated at 300C for 48 h 
(Keddie, 1951). Triplicate plates were prepared for each dilution. This 
investigation was carried out prior to the inoculation of the herbage. On the 
ensilage day, two g Lactomol were aseptically removed from the pre-packed 
sample and added to 18 ml Ringer solution in a universal bottle and allowed to 
dissolve. In all the experiments Lactomol was prepared and applied to the 
herbage in accordance with the manufacturer's instructions. It was not 
necessary to determine the number of cells by using a light microscope as only 
verification of the actual number of live cells in the product was required. 
2.6.2 Preparation of experimental inoculants from broth cultures. 
The experimental inoculant contained two microorganisms originally isolated 
from silage; L. plantarum L71 (Table 2.2.1) and P. pentosaceus P826 (Table 
2.2.1). A 200 ml quantity of each culture was prepared as described in section 
2.2.4 and incubated for 16 h. Total cell counts for each culture were established 
by two methods;- 
i) Plate counts. 
A 1.0 ml sample of each was used for serial ten-fold dilutions 
prepared in Ringer solution (1.0 ml: 9.0 ml). Pour-plates of MRS agar, were 
prepared for each dilution. The number of colonies gave the live cell count. 
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ii) Microscope counts. 
Samples were removed from each culture, diluted with nine ml 
Ringer solution and placed in a Helber counting chamber with Thoma ruling 
and a depth of 0.02 mm and 1/400 cm squares (Weber Scientific International 
Ltd., Teddington, Middix, U.K.). The total number of cells (live and dead) was 
counted. 
L. plantarum L71 and P. pentosaceus P826 were diluted to the appropriate 
concentrations of 3.6 x 108 cfu nfr' and 1.2 x 108 cfu ml -1 respectively using 
Ringer solution, unless otherwise stated. A 15 ml sample of each was mixed in a 
sterile flask (100 ml), thus providing the required ratio of L. plantarum L71 to 
P. pentosaceus P826 and a total concentration of 2.4 x 108  cfu m1 1 . 
2.6.3 Preparation of experimental inoculants from freeze-dried cultures. 
Freeze-dried preparations of the constituent cultures of, the inoculant grown in a 
fermenter (section 2.2.6) were reconstituted by dissolving in nine ml Ringer 
solution prior to usage. A sample (1.0 ml) was removed from each and diluted 
to a concentration of 3.6 x 108  cfu m14 and 1.2 x 108  cfu m1' for L71 and P826 
respectively using Ringer solution, unless otherwise stated. A 15 ml sample of 
each dilutent was mixed in a sterile flask (100 ml), thus providing a ratio of 
3 L71 : 1 P826 cell. The total concentration of the mixed culture solution was 
2.4 x 108 cfu m1 1 which would give an inoculant rate of 1.0 x 10 5 cfu g 1 of 
herbage to be ensued. 
2.7 Application of inoculants. 
For the inoculation of herbage, inoculants were added to either Ringer solution, 
at a concentration of 10 ml inoculant in 95 ml Ringer, or to molasses, 10 ml 
inoculant to 200 ml (280 g) molasses. Molasses was added (either with or 
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without prior addition of inoculant) with careful mixing, to herbage at a rate of 
nine ml (12.6 g) kg- ' of fresh material, irrespective of silo size. Ringer solution 
(which always contained inoculant) was added similarly, at a rate of 4.5 ml kg-' 
herbage. The volume of Ringer solution used was reduced. to minimize the 
difference in DM contents between the Ringer solution and molasses-treated . 
2.8. Preparation of silages. 	
herbages. 
 
2.8.1 Laboratory silage. 
After the addition of the additives the herbages were mixed thoroughly by hand. 
using sterile gloves for each treatment. Usually twelve laboratory silos were set-
up for each treatment. An attempt was made to minimize the effect, on the 
fermentation in the silo, of changes in the composition of the herbage during 
the period of ensiling by filling one silo from each treatment in sequence. The 
herbages were harvested and ensiled within five h. 
2.8.2 Bunker silos. 
In the bunker silos a layer of herbage was placed in the silo followed by a layer 
of molasses and inoculant, then the process was repeated at regular intervals 
until the silo was filled. Herbage was loaded into the bunker silos in sequence 
to minimize the effect on the fermentation due to changes in the herbage during 
the ensuing process. The treatments were applied to the herbage while the silos 
were being filled which allowed even mixing. To reduce cross-contamination of 
the treatments the workers wore protective covers on their boots. These were 
changed when they moved from one silo to the next. 
2.9 Analysis of herbage and silage. 
Samples were removed from the control herbage before ensuing so that the 
epiphytic microflora on the herbage could be investigated before application of 
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the appropriate inoculants. Herbage samples for microbial analysis were 
aseptically removed from each treatment prior to filling the laboratory silos. 
Samples for chemical analysis were taken when approximately half the 
laboratory silos had been filled. 
Resulting silages were compared in terms of both their chemical composition 
and their content of different microorganisms. Triplicate laboratory silos of 
each treatment were opened and weighed on each of the various sample days. 
The silages were removed aseptically from the laboratory silos by using an 
ethanol-flamed hook, placed on trays covered with clean plastic sheets and 
teased apart using sterile gloves. A chemical analysis was carried out on a 
representative silage sample from each test-tube. For the microbiological 
analysis, representative samples of the same size were removed from each of 
the triplicate tubes and combined to give a sample for each treatment. 
A statistical analysis of the composition of the silages and of the results of the 
intake/performance trial was carried out by analysis of variance using 
GENSTAT V. 
2.9.1 Chemical analysis. 
Standard methods were used for the chemical analysis of the grasses and silages 
(McDonald et al., 1960; 1968; Henderson and McDonald, 1971). Grasses and 
lucerne were analysed for oven dry matter, total-nitrogen, hot-water soluble 
nitrogen and water soluble carbohydrates, and silages were analysed for dry 
matters (oven and/or toluene), pH, ammonia-nitrogen, hot-water soluble 
nitrogen, total-nitrogen, water soluble carbohydrates, volatile fatty acids, lactic 
acid and ethanol. As the herbage used in each treatment was from the same 
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source on the ensuing day, only herbage samples from the untreated control 
were analysed, unless otherwise stated in the results section. 
Oven dry matter (0DM). 
Duplicate 40 g samples of herbage or silage were dried in foil trays at 600C until 
no further weight loss was observed. 
Toluene dry matter (TDM). 
The method of Dewar and McDonald (1961) was used to determine toluene dry 
matters (1DM) with a correction for alcohols (Henderson, 1978). 
pH. 
The pH was determined on an aqueous macerate of herbage or silage (25 g in 
200 ml distilled water) using a calibrated pH meter (PW9421, Philips 
Industries). 
Buffering capacity (Bc). 
The method of Playne and McDonald (1966) was used to measure the buffering 
capacity of the herbage or crop as ensued. A 10 g sample of herbage or silage 
was macerated with 250 ml distilled water for 2 mm (water macerate). The 
macerate was transferred to a beaker, and constantly stirred using a magnetic 
stirrer. The initial pH was recorded by means of a combined glass electrode 
and pH meter (model PW9421, Philips Industries). 
The macerate was titrated to pH 3.0 with 0.1 M hydrochloric acid (to remove 
any bicarbonate which would act as a buffer if present), then titrated to pH 6.0 
with 0.1 M sodium hydroxide. The volume of standard alkali required to change 
the pH from pH 4.0 to pH 6.0 was recorded. The buffering capacity was 
expressed as the number of milliequivalents of alkali kg -1 dry matter (DM) 
required to change the pH of an aqueous extract from pH 4.0 to pH 6.0. 
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Water soluble carbohydrates (WSC). 
The procedure outlined by McDonald and Henderson (1964) was followed for 
the initial extraction of the sugars present in the herbage or silage. Hydrolyzed 
reducing sugars were then determined by the colorimetric method of Nelson 
(1944) by incubating 2.0 ml hydrolysate and 2.0 ml Somogyi reagent in a boiling 
water bath for 20 mm. After cooling, 2.0 ml arsenomolybdate reagent was 
added and the mixture was made up to 50 ml with distilled water. The 
absorption of the solution was measured at 540 nm in a flowthrough 
spectrophotometer (model SP600 Series 2 Unicam, Philips Industries). The 
spectrophotometer results were converted to hexose concentration with 
reference to a standard graph and expressed in g kg - ' DM. 
Lactic acid determination. 
Ten g of silage were placed in a bottle and covered with 0.3 M sulphuric acid 
(20 ml); to this was added a small amount of thymol'. The mixture was allowed 
to stand in the fridge for one week. The solution was squeezed through a cloth 
into a tube and centrifuged at 4000 rpm for 15 mm. The supernatant was 
decanted and diluted as necessary. Two nil of extract were added to test-tubes 
containing a mixture of 1.0 ml 20% copper sulphate solution, approximately 
1.0 g calcium hydroxide and 17 ml distilled water. The solutions were mixed 
well and left to stand for 30 min with intermediate mixing, then filtered through 
paper (No. 1). A 5.0 ml sample of filtrate was removed and made up to 50 ml. 
One ml of filtrate was slowly added to 9.0 ml ice-cold sulphuric acid in a boiling 
tube, while swirling. The tube was placed in a boiling water bath for 10 mm, 
cooled for 5 min and then placed in an ice bath. Once cooled, 0.05 ml 4% 
copper sulphate and 0.1 nil 4-hydroxybiphenyl reagent (supplied by Hopkins 
and Williams) were added and mixed. The sample was kept in an ice bath in 
1 - A few grains of thymol were added to inhibit microbial activity. 
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the deep-freeze for 1 h then plunged into a boiling water bath for 90 s. On 
cooling the sample was again placed in an ice bath for 5 min then brought back 
to room temperature. The absorbance of the samples was read at 560 Mn in a 
spectrophotometer (model SP600, Philips Industries). 
Lactic acid standards were prepared by mixing 5.0 ml 1.0 M lactic acid and 5 ml 
1.0 M sodium hydroxide together, then making the standard up to 500 ml with 
distilled water. One ml and 2.0 ml samples were removed, the former was 
diluted with 1.0 ml of distilled water. A blank was prepared containing 2.0 ml of 
distilled water (Barker and Summerson, 1941). 
The 4-hydroxybiphenyl reagent was prepared by dissolving sodium hydroxide 
(0.125 g) in 2.5 ml hot distilled water. To this 4-hydroxybiphenyl (0.375 g) was 
added and also allowed to dissolve. The resultant solution was made up to 
25 ml with hot distilled water and stored at 30°C in a dark place. 
Total-nitrogen determination. 
A 5.0 g sample of fresh silage was placed in a 500 ml Kjeldahl flask. To this 
5.0 g potassium sulphate /selenium catalyst and 40 ml concentrated sulphuric 
acid were added. The flask was heated until the contents went clear and then 
for a further 2 h. The flask was cooled and the contents diluted with 150 ml 
distilled water, and a few grains of antibumping granules were added. Twenty-
five ml of sulphuric acid (0.05 M) were measured into a 250 ml receiving flask. 
Sodium hydroxide (10 M, 130 ml) was poured slowly into the Kjeldahl flask and 
the distillation apparatus connected . The Kjeldahl flask was heated for 
30 min gently and for 15 min strongly. After completion of the process the 
excess 0.05 M sulphuric acid in the receiving flask was titrated with 0.1 M 
sodium hydroxide and the nitrogen content of the silage (g kg -' DM) was 
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calculated. As amino acids contain approximately 16% nitrogen, the figure was 
multiplied by 100/16 to give the crude protein content of the silage. 
Hot-water soluble nitrogen. 
Twenty-five g of finely chopped silage were extracted twice with boiling water 
and the combined extracts measured. A 25 ml aliquot was pipetted into a 
Kjeldahl flask, and 5.0 g of catalyst and 25 ml concentrated sulphuric acid were 
added. The nitrogen content was determined as described above. True protein 
nitrogen was obtained by subtracting hot-water soluble nitrogen content from 
total-nitrogen content are expressed as g kg -1 total-nitrogen. 
Ammonia-nitrogen. 
Fifty ml of a water extract, as prepared for the WSC, was placed in a Kjeldahl 
flask with 70 ml 0.05 M sodium borate to adjust the pH to 10.2. The Kjeldahl 
flask was attached to a distillation apparatus with a receiver containing 5.0 ml 
0.05 M sulphuric acid and the ammonia-nitrogen content was determined after 
steam distillation and expressed as g kg - ' total-nitrogen. 
Ethanol, acetic acid, propionic acid and butyric acid determinations. 
Undiluted samples (3 [Ll) (prepared as for lactic acid determination) were 
analysed on a dual column gas chromatograph (5790A Series Gas 
Chromatograph, Hewlett-Packard, Wokingham, Berkshire, UK) fitted with 
flame ionisation detectors, integrator (3390A series integrator, Hewlett-
Packard) and automatic sampler (7672A series, Hewlett-Packard). The glass 
columns (4 mm internal diameter, 1800 mm length) were packed with 
Chromosorb 101, 60-80 mesh. The chromatograph oven was temperature 
programmed from 1500C to 220°C at 5°C mm -1 . The injection port was 
maintained at 280°C and the detectors at 300°C. Hydrogen and air flows for 
each detector were 40 ml miir'. 
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A silage sample (10 g) was placed in a jar and completely covered with 20 ml 
0.3 M sulphuric acid (pH 2.0). A few grains of thymol were added to inhibit 
microbial activity. The jar was sealed and placed at 4°C for seven d. A low pH 
is required to ensure the presence of free volatile acids. The equilibrated 
sample was filtered through cloth and the filtrate collected and centrifuged at 
4000 rpm for 15 mm (Centaur 2, MSE) at room temperature. The supernatant 
was sealed in a glass vial which was loaded onto the automatic sampler. 
Standards were prepared by weighing out a mixture of pure substances and were 
diluted with 0.3 M sulphuric acid to a concentration similar to that of the 
samples analysed (ie. between 0.1 and 30 g 11). The standards' analysis 
determined the system's response to each substance and the calibration was 
regularly checked. The appropriate factors were used automatically by the 
integrator for subsequent analyses of duplicate samples (2 i1). 
Modified Acid detergent fibre (MAD fibre). 
MAD fibre was determined using the method of Clancy and Wilson (1966). 
Organic matter determination. 
Dried milled samples of silage and faeces were ashed in a muffle furnace at 
500°C overnight to determine the ash content. Organic matter  was calculated by 
difference. 
Gross energy. 
Gross energies of the silages and faeces were determined on fresh samples by 
the method of McDonald et al. (1973). Urines were freeze-dried before they 
were analysed. 
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2.9.2 Microbiological analysis. 
The microbial analysis of the day zero sample varied from that used on the 
other sample days. On day zero, a 20 g sample of herbage was selected 
randomly and removed aseptically from each different treatment before the 
laboratory silos were filled. No analysis of the molasses-only treated herbage 
was carried out at this stage as it was assumed that the microbial flora would be 
identical to those of the control. Previous experiments had shown that no 
microorganisms occurred naturally in the molasses used in these experiments. 
On subsequent sample days a 10 g composite sample for each treatment was 
used. 
The 20 g and 10 g sample from each treatment was placed in separate 
stomacher bags with 180 ml or 90 ml Ringer solution respectively. The samples 
were pulverized for three min in a Colworth Stomacher 80 (A. J. Seward, 
Blackfriars Road, London, U.K.) and serial 10-fold dilutions were prepared in 
Ringer solution (1.0 ml: 9.0 ml). 
Pour-plates of the following media were used for identifying different bacteria: 
MRS agar for enumerating lactic acid bacteria (Lactobacillus, Pediococcus and 
Streptococcus spp.); modified TAA for enumerating Lactobacillus and 
Pediococcus spp.; and VRBGA for enumerating Enterobacteriaceae. Pour-
plates were prepared using 1.0 ml aliquots of the appropriate serial dilutions 
and, on setting were over-layered with identical media (Keddie, 1951). The 
epiphytic Streptococcus spp. from the control silage were enumerated by 
subtracting the readings obtained on the TAA plates from those obtained on 
the MRS agar plates, as these bacteria are not detected on the TAA agar plates. 
Cycloheximide (0.1 mg ml -1 agar) was incorporated into MRS agar and TAA to 
inhibit eukaryotic growth. Aliquots (0.1 ml) of the appropriate dilutions were 
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spread onto plates of MEA for enumerating yeasts and moulds. Streptomycin 
sulphate (30 jig m1' agar) and penicillin G (30 jig ml - ' agar) were incorporated 
into the agar to inhibit bacterial growth. Triplicate plates were prepared for 
each dilution. All the plates were incubated at 30°C for 5 days; plates for 
Enterobacteriaceae were incubated at 37°C for 18-20 h. 
The media of Rosenberger were used to enumerate lactate-fermenting and 
proteolytic clostridia. Triplicate tubes of lactate and gelatin medium were 
inoculated with 1.0 ml aliquots of the appropriate dilutions (with the minimum 
incorporation of air), solidified by placing at 4°C, covered with 20 mm 3 of 
anaerobic seal and incubated at 37°C for 5 days. In later ensilage experiments 
(Chapter 5.0 onwards), Rosenberger's lactate medium was replaced by 
Spolestra's lactate-acetate agar. This involved the appropriate dilutions being 
pasteurized at 80°C for 10 min to kill all the vegetative cells. Triplicate 1.0 ml 
aliquots of the appropriate dilution were placed in sterile test-tubes and covered 
with 10 ml of molten agar cooled to 50°C. The tubes were sealed as described 
above and incubated at 37°C for 7 d. After incubation, the gelatin tubes were 
kept at 4°C for 1 h. A liquid medium indicated the presence of proteolytic 
clostridia as the gelatin had been degraded. The presence of lactate-fermenting 
clostridia in either Rosenberger's or Spoelstra's medium was indicated by the 
presence of gas and a rise in pH (a colour change in bromothymol blue from 
green to yellow). In TAA and . in the proteolytic medium of Rosenberger, 
neutralized bacteriological peptone was used in place of Evans Peptone. 
On the final sampling day numbers of lactate-assimilating yeasts were assessed 
by preparing spread plates of LAY medium with 0.1 ml aliquots of the 
appropriate serial dilutions. Triplicate plates were prepared for each dilution 
and incubated at 30°C for 5 d. 
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CHAPTER THREE 




The aim of these experiments was to select the most suitable microorganism(s), 
from the original sixty-six cultures (Table 2.2.1), to be incorporated into a silage 
inoculant. The microorganisms were selected according to the criteria 
previously proposed (Lindgren, 1984; McDonald, 1983; Whittenbuiy, 1961; 
Wieringa and Beck, 1964) and using modifications of the methods devised by 
Woolford and Sawczyc (1984). The microorganisms were also selected on their 
ability to survive in molasses. Stock cultures were transferred to and 
maintained on MRS agar slopes prior to use. 
3.1 Criteria examined for strain selection. 
Homofennentative activity: Three ml quantities of homofermentative test 
medium (HTM) were dispensed into sterile test-tubes containing inverted 
Durham tubes. Triplicate tubes were loop-inoculated with each test culture, 
sealed with 1.0 ml water agar and incubated. Uninoculated controls were also 
prepared. Homo- and heterofermentative activity was assessed by examining 
test-tubes with growth for the presence of gas in the Durham tubes. 
The production of dextran from sucrose: YEB was modified by replacing the 
fructose with an equivalent amount of sucrose. Triplicate test tubes containing 
5.0 ml amounts of media were loop-inoculated with each culture. The 
production of dextran is shown by the presence of a slimy/stringy material in the 
medium. 
Proteolytic activity: Triplicate test-tubes containing proteolytic medium were 
loop-inoculated with each culture. Proteolytic activity was indicated as 
previously described (section 2.9.2) by liquification of the medium after storage 
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at 4°C for 1 h. 
Growth on citric acid: YEB was modified by replacing the fructose with an 
equivalent amount of citric acid (5.0 g). Triplicate 5.0 ml amounts of YEB in 
test-tubes were loop-inoculated with the test cultures and uninoculated controls 
were prepared. Absence of growth after incubation indicated the absence of 
action upon citric acid, a positive criterion. Cultures which had grown were re-
inoculated into fresh media and incubated. 
Growth and acid production in the presence of fructose, sucrose and glucose: 
Triplicate 5.0 ml quantities of YEB were modified by replacing the glucose with 
an equivalent amount of fructose or sucrose. The media were loop-inoculated 
with the test cultures. Uninoculated controls of each different medium were 
prepared. After incubation a few drops of methyl red indicator (methyl red, 
0.1 g; ethanol, 300 ml; made up to a volume of 500 ml with distilled water) 
were added to each tube to detect the presence of acid. A red colour indicated 
a pH of 4.5 or less and was described as positive, yellow was recorded as 
negative (Harrigan and McCance, 1966). A further experiment was carried out 
to establish whether the presence of different fermentable carbohydrates had 
any effect on the reduction in pH of the growth media. Test cultures were 
incubated in 5.0 ml of MRS broth. Triplicate test-tubes containing glucose (20 g 
1-1) or fructose (20 g 1-1) in sterile distilled water were inoculated until a 
nephelometer (Evans Electroselenium ltd., Halstead, Essex, U.K.) reading of 
approximately 15 Klett units was obtained. The tubes were incubated and pH 
established using a pH meter (AGB 2000, AGB Scientific Ltd, Carrigfergus, Co. 
Antrim, Northern Ireland, UK). 
Tolerance of pH 4.0 and pH 4.5: YEB were adjusted to pH 4.0 and pH 4.5, and 
dispensed in 5.0 ml quantities into test-tubes. Acetate buffer 2 was used to 
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maintain the pH at the start of incubation (Cruickshank et al., 1968). Each test 
culture was loop-inoculated into triplicate tubes of each pH and incubated. 
Absence of growth indicated no tolerance to the stated pH. 
Production of a final pH of 4.0: Test cultures selected on basis of the preceding 
tests were grown in 10 ml MRS broth (section 2.2.4). Test-tubes containing 
MRS broth were inoculated with the starter culture until a nephelometer 
reading of 10 Klett units was obtained thus ensuring an equal inoculant level. 
Triplicate 0.5 ml samples were removed after 5, 24 and 48 h incubations at 30°C 
and 8°C, and diluted in 9.5 ml sterile distilled water. The pH of the sample was 
recorded using a pH meter (AGB 2000). 
Growth at reduced and elevated incubation temperatures: Triplicate test-tubes 
containing 5 ml YEB were loop-inoculated with each test culture and incubated 
at the following temperatures: 8°C; 15°C; 20°C; 30°C; 37°C; 42°C and 52°C 
for 48 h. The amount of growth produced was observed. Samples were also 
removed from the 8°C and 15°C tubes after 21 h to monitor growth at expected 
environmental temperatures. 
The reduction in the pH after 24 h incubation: Triplicate flasks of 200 ml of 
culture-medium were prepared (2.2.4) using MRS broth. The flasks were 
incubated for 24 h after which the pH value was recorded with a calibrated pH 
meter (AGB 2000). 
Determination of mean generation time: The mean generation times of culture 
strains: GTC 060; GTC 085; GTC 088; R62; Lb2i; Pd2i; Lb85; L71; and 
P826 were determined. Cultures were prepared as described in section 2.2.4. 
Flasks containing 200 nil of MRS broth were inoculated until an absorbance of 
0.015 was obtained at 580 nm in a spectrophotometer (SP6500 UV Pye Unicam, 
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Philips Industries). Samples (1.0 ml) were removed hourly and the optical 
density recorded. Once the cultures had reached stationary phase no further 
readings were taken. 
Viability in molasses: The viability of culture strains: GTC 060; GTC 088; 
GTC 091; R62; Lb85; L71; P48; and P826 in molasses was tested. Starter 
culture was prepared and 10 ml was used to inoculate flasks (100 ml) containing 
90 ml molasses. After mixing, flasks were incubated at 15°C for 24 h, 7 d, 14 d 
and 26 d. The culture concentration was assessed (as described in section 
2.2.5) before and after incubation by removing a 1.0 ml sample. Triplicate MRS 
agar plates were spread with 0.1 ml aliquots of the appropriate dilutions and 
incubated. 
3.2 Results. 
The majority of the test cultures grew in the HTM medium. This growth and 
the absence of gas in the Durham's tubes was typical of homofermentative 
activity. Exceptions were cultures: 3351; 4036; 4617; 8837; GTC 053; GTC 
071 and GTC 073 which grew but produced gas which was observed in the 
Durham's tubes, typical of heterofermentative activity. No further tests were 
carried out on these heterofermentative cultures. The absence of slimy/stringy 
material in the YEB medium, modified by the addition of sucrose, indicated 
that none of the cultures produced dextran from sucrose. Proteolytic activity 
was indicated by liquification of the medium. None of the cultures liquified the 
medium. Culture GTC 036 was not tested further as it was a duplicate of 775. 
Initially, variable results were produced on the inoculation of YEB containing 
citric acid. Cultures that had grown were re-inoculated into fresh medium to 
reduce the possibility of carry-over of nutrients from the MRS agar slopes. 
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Cultures 6105, R114, L2 and P72 were able to utilize citric acid. 
All the cultures grew and produced acid in the presence of glucose and fructose. 
The fermentation of sucrose produced variable results with test cultures: GTC 
097; R58; P75 and P77, all of which produced insufficient acid to turn the 
indicator methyl red from yellow to red. 
A comparison between the reduction in pH of media containing either glucose 
or fructose was carried out; the initial pH of each medium was 6.4 and 6.9 for 
glucose and fructose respectively. The cultures reduced the pH of each medium 
to a similar value, ranging from pH 4.0 to pH 3.1. When the cultures were 
grown in a medium buffered at pH 4.5 it was found that the majority could grow 
well. Exceptions to this were strains GTC 069; GTC 097 and P75 which only 
grew slightly. Variable results were obtained when the medium was buffered at 
pH 4.0 and the growth of a large number of the cultures was reduced. These 
cultures were: 6459; GTC 097; R58; P1; P42; P58; P59; P75; P79; and P84. 
GTC 069 did not grow. 
When testing for a final pH of 4.0 in MRS broth a similar inoculant level for 
each test culture was used to ensure that no one culture had an advantage 
(Table 3.2.1). Within the first 5 h of incubation at 30°C the cultures reduced the 
pH to below pH 6.0 (Table 3.2.1) and in 41% of the cases to below pH 5.0; P37 
reduced the pH the least and was rejected. The pH ranged from 4.75 to 3.75, 
and 4.40 to 3.60 after 24 and 48 h incubation respectively. After 24 h incubation 
at 300C  the only L. plantarum and L. casei strains which had a pH value above 
4.0 were GTC 075, GTC 069, 4113 and R115 (R114 had already been 
rejected) (Table 3.2.1). All the Pediococcus and Streptococcus spp. had a pH of 
4.0 or above after 24 h incubation, except P72 whose value fell below pH 4.0. 
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Table 3.2.1 Change in pH at 300C and 8°C over a period of time. 
Culture pH value 
strain Incubated at 30°C Incubated at 8°C 
Neph Time (h) Neph Time (h) 
umts units 
(Kletts) 5 24 48 (Kletts) 5 24 48 
MRS broth 0 6.20 - - - - - - 
d. H20 - 6.90 - - - - - - 
4113 11 5.70 4.05 3.75 10 6.10 5.90 5.60 
5914 10 4.90 3.90 3.75 10 6.00 5.80 5.70 
6105 17 4.90 3.90 3.80 18 6.15 6.00 5.80 
6459 10 5.00 4.20 4.00 12 6.00 5.70 5.60 
8274 17 4.80 4.05 3.70 14 - - - 
GTC 047 20 4.80 3.85 3.65 18 6.10 5.90 5.70 
GTC 060 20 4.80 3.80 3.70 16 6.00 5.80 5.60 
GTC 069 13 5.60 4.05 3.75 9 6.05 5.80 5.60 
GTC 075 10 5.00 4.10 3.90 12 6.10 5.85 5.80 
GTC 080 13 5.50 3.80 3.70 11 6.20 6.05 5.90 
GTC 085 10 5.10 3.95 3.80 10 6.20 6.10 5.95 
GTC 088 19 4.90 3.85 3.60 17 6.10 5.90 5.80 
GTC 089 15 5.00 3.80 3.80 15 6.20 6.05 5.80 
GTC 090 9 5.30 4.20 4.00 12 6.20 6.10 5.90 
GTC 092 21 5.10 3.90 3.80 18 6.00 5.80 5.50 
GTC 095 9 5.50 4.75 4.40 10 6.20 6.00 6.00 
GTC 096 9 5.10 4.25 4.00 10 6.20 6.15 6.00 
R62 12 4.80 4.00 3.80 15 6.05 5.75 5.50 
R106 15 4.80 3.85 3.60 17 6.10 5.90 5.70 
R114 11 5.35 4.20 3.90 5 6.35 6.20 6.20 
R115 10 5.10 4.05 3.75 12 6.20 5.90 5.80 
Pd2i 11 5.40 4.30 4.10 10 6.20 6.10 5.80 
L2 17 4.80 3.90 3.80 12 6.20 5.90 5.70 
L71 20 4.80 3.80 3.70 18 6.00 5.75 5.60 
Lb 85 19 4.80 4.00 3.85 12 6.20 5.75 4.90 
P37 12 5.80 4.30 4.05 12 6.20 6.15 6.00 
P40 9 5.30 4.35 4.05 3 6.20 6.15 5.90 
P48 11 4.90 4.10 3.85 13 6.10 5.90 5.70 
P58 9 5.40 4.30 4.10 10 6.15 6.05 5.90 
P59 9 5.20 4.25 4.05 12 6.10 6.00 5.70 
P60 11 5.00 4.20 4.05 12 6.20 5.95 5.80 
P72 14 5.10 3.75 3.75 14 6.20 5.95 5.70 
P84 10 4.80 4.10 3.90 14 6.20 6.10 5.75 
P826 13 4.80 4.00 3.70 15 6.10 5.85 5.60 
Neph = Nephelometer 
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The pH of the L. plantarum and L. casei strains were all below pH 4.0 after 48 h 
incubation, whereas only six of the 14 Pediococcus and Streptococcus strains 
produced a pH below 4.0. Incubation of the cultures at 8°C for 5 h resulted in 
no variation in pH. After 24 h incubation at that temperature the Lactobacillus 
strains produced a pH of 6.0 or below, except: GTC 080; GTC 085; GTC 089; 
and R114. All the streptococci and pediococci cultures produced a pH of 6.0 or 
above, except 6459, P48, P60, P72 and P826. After 48 h incubation at 8°C the 
pH ranged from pH 6.2 to 4.9 for all the cultures. 
When the cultures were grown for 24 h in MRS broth it was found that culture 
strains Lactobacillus L71 and Pediococcus P826 reduced the pH to the lowest 
value (Table 3.2.2); Lactobacillus R62 reduced the pH the least. The mean 
generation time study of the microorganisms indicated that strains GTC 085 and 
L71 had the longest mean generation time whereas strains GTC 088, R62, Lb85 
and P826 had the shortest mean generation time (Table 3.2.3). 
Growing the cultures at reduced and elevated temperatures showed that after 
incubation at 8°C for 21 h and 48 h (Table 3.2.4) a large number of the cultures 
did not grow well: 775; 2707; 5914; 6990; 8274; GTC 038; GTC 047; GTC 
069; GTC 080; GTC 092; GTC 093; GTC 094; GTC 097; GTC 098; R57; 
R63; R75; R106; R114; R137; Lb2i; JL1.; P1; P41; P42; P48; P65; P75; 
P77 and P81. Cultures GTC 091, L2, P37, P40 and P72 only grew slightly at 
8°C. When the incubation temperature was increased to 15°C the overall 
growth of all the cultures was improved. In addition, those cultures which only 
grew slightly at 8°C and also showed no improvement in their growth at 15°C 
were rejected: 6105; GTC 085; GTC 089; R58; and P84. Maximum growth 
was achieved after 48 h incubation at 20°C and 30°C (Table 3.2.4). An increase 
in the incubation temperature above 30°C resulted in a decrease in the amount 
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Table 3.2.2 Reduction in pH of MRS broth after 24 h incubation. 
Culture 
strain 
pH value average 
Lactobacillus 
Control 6.16 - - 6.16 
GTC 060 3.64 3.90 3.88 3.81 
GTC 088 3.63 3.86 3.85 3.78 
R62 3.71 3.90 3.88 3.84 
Lb2i 3.66 3.87 3.86 3.80 
Lb85 3.71 3.89 3.86 3.82 
L71 3.66 3.82 3.79 3.76 
Pediococcus 
Control 6.37 - - 6.37 
Pd2i 3.83 3.80 3.79 3.81 
P48 3.83 3.82 3.80 3.82 
P826 3.76 3.74 3.76 3.75 
Table 3.2.3 Mean generation time of test cultures. 
Culture strain Mean generation 
time (mm) 
GTC 060 52 
GTC 085 62 
















15°C 	15°C 20°C 	300C 







Blank - - - - - - - - 
775 - - - ++ +++ +.. ++ ++ +1- 
2707 - + + ++ +++ +++ ++ ++ + 
4113 + ++ + ++ +++ +++ ++ ++ - 
5914 - + - +++ +++ ..+ .++ ++ ++ 
6105 +1- + - - ++. .+. ++ + 
6459 + ++ +.+ ++. +++ ... ++ ++ - 
6990 - - ++ +++ +.+ +++ ++ ++ + 
8274 - + ++ +++ +++ +++ ++ ++ 
GTCO38 - - +++ +.+ +++ +++ ++ ++ 
GTC 047 - + - ++ ... +++ .. + + 
GTCO6O + ++ ++. +++ +++ +++ ++ ++ +/- 
GTCO69 - - - - +++ +++ ++ + + 
GTCO72 + ++ +++ +++ +++ +++ ++ + +1- 
GTCO8O - ++ - ++ ++-1- +++ ++ - - 
GTCO85 + + + + 4-++ +++ + - - 
GTCO88 ++ +++ ++ +++ +++ .++ ++ - - 
GTC 089 + + - + ... +++ .. + ,'- + ,i.. 
GTCO9O + ++ +++ +++ +++ ++. ++ ++ ++ 
GTCO91 + + ++ ++ +++ +++ ++ ++ 
GTCO92 - + ++. +++ +++ +++ ++ ++ 
GTCO93 - - + +++ +++ +++ ++ + - 
GTCO94 - - +++ +++ +++ ++-4• ++ ++ ++ 
GTCO95 ++ ++. ++. .++ ++. +++ ++ ++ + 
GTCO96 + +++ ++ +++ +++ ... ++ ++ ++ 
GTCO97 - + ++ ++ +++ +++ ++ - +1. 
GTCO98 - - - ++ +++ +++ ++ + - 
R57 - + - ++ +++ +++ ++ ++ 
R58 ++ ++ - +/- +++ +++ ++ ++ - 
R62 + ++ ++ +++ +++ +++ ++ ++ - 
R63 - + ++ ++ +++ +++ ++ ++ +1- 
R75 - ++ - +++ +++ +++ ++ ++ ++ 
R106 - +++ - - +++ +++ ++ ++ ++ 
R114 - - + +.. +++ +.+ ++ - - 
R115 + + +++ +++ +++ +++ +++ ++ ++ 
R137 - - - ++ +++ +++ ++ +. ++ 
Pd2i + ++ ++ +++ ..+ .++ ++ ++ ++ 
Lb2i - ++ - +•++ +++ +++ ++ + 
Li - + - +.. +++ ++. ++ - - 
L2 + + ++ +++ +++ +++ ++ + - 
L71 ++ ++ ++ +++ +++ ..+ ++ +/- ++ 
Continued over. 
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15°C 	15°C 20°C 30°C 







Lb85 ++ ++. +++ +++ +++ +++ ++ - 
P1 - ++ +++ +++ +++ +4-+ + - - 
P37 + + +/- +.+ ++. +++ ++ + ++ 
P40 + + +.+ +++ +++ +++ ++ + 
P41 - + + +++ ++ +++ ++ ++ - 
P42 - + ++ +++ ++. +++ ++ ++ +/ 
P48 + ++ +++ +++ ++ - - +1. 
P58 + ++ ++ +++ +++ +++ ++ + 
P59 + ++ +++ +++ +++ ..+ . 
P60 ++ ++ ++ +++ .++ ..+ ++ ++ + 
P65 - + ++ +++ .++ +++ ++ + 
P72 + + + ++ +++ +.+ ++ - + 
P75 +/. + ++ ++ +.+ +.+ ++ + 
P77 - +/- + ++ +++ +++ ++ ++ - 
P81 - - - ++ .++ ++. ++ +/- - 
P84 + + - ++ +++ +++ ++ + ++ 
P826 ++ ++ ++ +++ +++ +++ ++ ++ +/- 
+++ 	 - 	turbid (— 109 cfu ml-1 ). 
++ - normal (—lO7 cfunil 1). 
+ 	- slight (--lO4 cfumF'). 
very slight ( 102 cfu ml-1 ). 
- 	- 	no growth. 
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of culture growth recorded (Table 3.2.4). 
The viability of the test cultures in molasses was monitored by measuring the 
cell concentration after various time intervals. The initial inoculant levels for 
each culture were similar (Table 3.2.5); R62 was the greatest at 5.0 x 108  cfu 
ml-' molasses. Initial experiments showed that recovery of cells inoculated into 
molasses could be achieved successfully without any loss. After 24 h incubation 
there was a varied response between the test cultures. Between 24 h and 7 d 
incubation cell concentrations remained constant (GTC 060; GTC 088 and 
R62) or increased. Between 7 and 14 d incubation the cell concentration in the 
molasses decreased or remained the same (GTC 060, GTC 088 and L71). After 
26 d incubation the least reduction in cell concentration was recorded for 
cultures GTC 088, R62 and P48. For all cultures there was a reduction in cell 
concentration between the initial and final day of the study, indicating a 
reduction in viability. The greatest reduction was recorded for Lactobacillus 
Lb85 and the least reduction for cultures L71 and P48. 
3.3 Discussion. 
Homofermentative LAB are more efficient at producing lactic acid from 
fermentable carbohydrates (Beck, 1978; Gibbs et al., 1950) than 
heterofermentative LAB. Heterofermentative cultures (3351, 4036, 4617, 8837, 
GTC 053, GTC 071 and GTC 073) were eliminated from the investigation on 
this basis. The inability to produce mannitol from fructose is important, 
otherwise carbohydrates in the herbage may be converted to non-acidic 
compounds. This process is associated with hetero-fermentation and, therefore, 
the test was not carried out as heterofermentative LAB had already been 




Table 3.2.5 Change in culture concentration when stored in molasses 
for various lengths of time. 
Culture Culture concentration (cfu ml' molasses). 
strain Initial 24 h 7 d 14 d 26 d 
level 15°C 15°C 15°C 15°C 
GTC 060 1.8 x 10 1.6 x 109 4.3 x 10 2.2 x 109 5.4 x 10 
GTC 088 2.1 x 109 4.3 x 10 7.1 x 10 6.6 x 108 4.7 x 108 
R62 5.0 x 109 1.2 x 109 1.3 x 109 5.8 x 10 3.3 x 108 
Lb 85 1.0 x 10 5.5 x 108 1.4 x 109 4.5 x 108 3.9 x 10 
L71 1.8 x 10 8.2 x 108 4.0 x 109 7.0 x 10 8.6 x 108 
P48 7.9 x 108 5.9 x 108 1.3 x 109 8.6 x 108 3.7 x 108 
P826 9.8 x 108 1.2 x 109 1.1 x 1010 1.0 x 109 2.8 x 108 
produce dextran from sucrose the amount of sucrose available in the herbage or 
silage for acid production may be reduced. However, none of the cultures 
tested produced dextran. Investigations into the proteolytic activity of the test 
cultures indicated that none was proteolytic. It is essential that the chosen 
microorganisms are non-proteolytic as otherwise breakdown in the herbage will 
occur to a greater extent than already caused by plant proteolysis. Proteolysis 
and degradation of amino acids reduces the nutritional value of the silage 
(Gibson, 1965; Gibson et al., 1958; McDonald, 1981; Seale et al., 1982; 
Valentine and Brown, 1973; Whittenbury, 1968: Woolford, 1984). 
Approximately 75-90% of the nitrogen present in herbage is found in the form 
of proteins. Variations due to different plant species and maturity are only 
slight (Wilson and Tilley, 1965). The above criteria did not aid in selecting the 
most suitable silage microorganism(s) from the 66 cultures under test; 
alternative criteria were sought. 
Utilization of organic acids is important in the selection of a microorganism for 
use in a silage inoculant as the formation of other acids from this metabolism 
may cause an increase in the buffering capacity of the herbage (Woolford, 
1984). The increase in buffering capacity may hinder further acidification of the 
silage (Woolford and Sawczyc, 1984). The small number of test cultures 
capable of utilizing citric acid (6105, R114, L2 and P72) was difficult to 
understand as the removal of organic acids from silage, particularly citric and 
malic acids, is thought to be due to LAB (Hirst and Ramstad, 1957; Playne et 
al., 1967). This lack of utilization may be due to the fact that they required the 
presence of a fermentable carbohydrate to enable them to utilize the citric acid 
(Whittenbury, 1961). The absence of growth by a test culture indicated its 
inability to utilize citric acid and in this respect it is unlikely to have any adverse 
effects on the silage. The cultures-which were unable to grow were chosen for 
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further study in preference to those capable of growth and consequent citric 
acid utilization. 
Fructose, sucrose and glucose, particularly fructose (MacKenzie and Wylam, 
1957), constitute the majority of the fermentable sugars in herbage (McDonald, 
1981). Molasses is composed of 30-40% sucrose (Brown, 1982). The ability of 
the test cultures to metabolize these carbohydrates is important so that 
maximum growth and lactic acid production can be obtained. The results 
showed the ability -of- the test cultures to ferment, with equal efficiency, simple 
carbohydrates such as glucose and fructose. However, the fermentation of 
sucrose produced variable results; those cultures unable to ferment it were 
rejected for use in the silage inoculant. This led to the rejection of the following 
cultures: GTC 097; R58; P75; and P77. The production of acid from the 
fermentable sugars present in herbage causes the pH of silage to fall to 
approximately 4.0. Microorganisms which cannot tolerate a pH of 4.5 or less 
are therefore unsuitable for use in an inoculant. Cultures GTC 069; GTC 097 
and P75 were therefore rejected. The ability of the remaining test cultures to 
grow at pH 4.5 indicated their tolerance to the acidic conditions. When the pH 
of the medium was further reduced to pH 4.0 this tolerance was lower, indicated 
by a reduction in the amount of growth in the case of some cultures (6459, GTC 
069, GTC 097, R58, P1, P42, P58, P59, P75, P79 and P84). The majority of 
cultures rejected at this stage were Pediococcus spp. possibly because they 
prefer higher pH conditions compared to Lactobacillus spp. 
One of the criteria of a good silage microorganism is the ability to reduce the 
pH of silage to approximately 4.0 as rapidly as possible (Whittenbury, 1968). 
This aids in the inhibition of undesirable microorganisms such as iclostridia 
and Enterobacteriaceae (Gibson, 1965; Gibson et al., 1958; McDonald, 1981; 
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Nilson and Nilson, 1956; Seale, 1986; Seale et al., 1982; Wiese, 1968). The 
ability of the test cultures to reduce the pH to 4.0 or less after 24 and 48 h 
incubation at 300C was tested. The majority of the Lactobacillus strains tested 
were capable of reducing the pH of the media to below 4.0 within 24 h of 
incubation (Table 3.2.1). Those cultures that could not (4113, GTC 069, GTC 
075, R114 and R115) were rejected for use in the silage inoculant. All the 
Lactobacillus strains were able to reduce the pH of the media below 4.0 after 48 
h incubation compared to only fivePediococcus and Streptococcus strains (Table 
3.2.1). Those Pediococcus and Streptococcus strains which could not were 
rejected (6459, GTC 090, GTC 095, GTC 096, P37, P40, P58, P59, P60 and 
Pd2i) for the same reason as previously described. In general, the pH of 
medium inoculated with Lactobacillus strains was reduced to a lower value than 
when inoculated with Pediococcus or Streptococcus strains. This greater 
reduction with lactobacilli was expected as they prefer more acidic condition. In 
silage the Streptococcus and Pediococcus spp. initially dominate the 
fermentation at a higher pH, produce lactic acid subsequently reducing the pH 
which makes conditions more favourable for the growth and eventual 
domination by the lactobacilli (Woolford, 1984). Members of the genus 
Lactobacillus do not achieve maximum growth until the pH of the silage is 
below 5.0 indicating that they prefer a lower pH (Whittenbury, 1961). As the 
production of a pH of 4.0 as rapidly as possible is so important in the successful 
preservation of silage any Pediococcus or Streptococcus strains which did not 
reduce the pH below 5.0 or any Lactobacillus stains which did not reduce the 
pH below 4.0 within 24 h incubation were rejected. 
Another important criterion in the selection of suitable silage microorganisms is 
the ability to grow well at lower temperatures. This is particularly true for 
Scotland where the ambient temperature in June, when silage is made, is 
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frequently between 10 to 12°C (A. R. Henderson, pers. comm.). Variable 
growth was observed for all the test cultures over the chosen temperature range 
(Table 3.2.4). Test cultures unable to grow well when incubation at 8°C or 15°C 
were rejected. Rapid growth is required as soon as possible to ensure maximum 
lactic acid production and inhibition of proteolysis. Those cultures which cannot grow quickly at low 
temperatures will therefore be unable to produce sufficient lactic acid to reduce 
the pH to 4.0 or less. This was confirmed by measuring the reduction in the pH 
of the medium in which cultures had been incubated at 8°C. Generally, a 
higher pH was recorded 'for medium inoculated with cultures which after 
incubation at 8°C or 15°C were unable to grow well (Table 3.2.1 and 3.2 .4) or, 
the amount of growth was insufficiently improved by an increase in the 
incubation temperature. The results in Table 3.2.1 showed that, of the 
pediococci and streptococci strains, only five were capable of reducing the pH 
below 6.0 at 8°C (6459, P48, P60, P72 and P826). Confirmation of their ability to 
grow well at low temperatures is demonstrated by their growth results in Table 
3.2.4. For example P826 showed normal growth (- 10 cfu ml -1) at 8°C after 
21 h. 
As a result of the various criteria tests the following cultures were shown to be 
the most suitable microorganisms for use in a silage inoculant: GTC 060; GTC 
088; R62; L71; Lb85; P48; and P826. Further culture selection was aided by 
studying the viability of the cultures in molasses, the reduction in pH of larger 
volumes of medium and their mean generation times. The ability to survive and 
grow well in the presence of molasses was an essential criterion in culture 
selection as the inoculant would be applied with molasses. Strain Lb85 was not 
selected for incorporation in the inoculant as it, of all the strains tested, was 
found to be the least viable in molasses (Table 3.2.5). 
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A comparison between the remaining Pediococcus strains P48 and P826 showed 
that there was little difference between their viabilities in molasses. However, 
P826 grew better at 8°C and 15°C and reduced the pH of MRS broth to a lower 
level and therefore was selected for incorporation into the inoculant in 
preference to P48. Out of the four remaining cultures three were strains of 
L. plantarum (GTC 088, R62 and L71) and one was a strain of L.fructivorans 
(GTC 060). They each had a similar viability in molasses. The growth at 
various incubation temperatures (Table 3.2.4) indicated that strain L71 could 
grow over a wider range than GTC 088 or R62. L71 grew slightly better after 
21 h at 8°C than GTC 060 and although compared to the other cultures it 
produced the lowest pH after 24 h incubation in MRS broth it had one of the 
longest mean generation times. It would appear, therefore, that strain L71 is 
more efficient at producing acid and, as a consequence at reducing the pH of 
media. Strain L71 was therefore selected in preference to the other stains. 
A mixed inoculum of L. planrarum and a Pediococcus and/or a Streptococcus 
spp. has been shown to be more efficient at preserving silage than single-culture 
inoculants (Bryan-Jones, 1969; Enders et al., 1983a; 1983b; Lindgren et al., 
1983). Cultures of L. plantarum L71 and P. pentosaceus P826 were therefore 
combined to form the inoculant, SilCare. These studies confirm Whittenbury's 
(1961) conclusion that L. plantarum strains are the most suitable 
microorganisms to be incorporated in a silage inoculant. 
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CHAPTER FOUR 
DEVELOPMENT AND IMPROVEMENT OF SILAGE 
INOCULANT SILCARE USING 
LABORATORY SCALE SILOS. 
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4.0 Introduction. 
The aims of the initial experiments were two-fold: firstly, to establish whether 
SilCare, applied with or without molasses would improve the fermentation 
during the ensilage of herbage more than would Lactomol TM and secondly, to 
determine whether the efficiency of the fermentation could be improved by 
varying the ratios of the cultures in SilCare. SilCare is a mixture of 
P. pentosaceus P826 and L. plantarum L71 and LactomolTM is a commercial 
inoculant containing L. plantarum and P. acidilactici. Both are applied to 
herbage with molasses. Subsequent experiments were carried out using the 
ratio of pediococci to lactobacilli which appeared to be the most successful. 
The fermentation patterns in herbage inoculated with either the improved 
SilCare (SilCare II) or Lactomol TM were compared. 
4.1 Comparison of the effects on silage quality of SilCare, with or 
without the addition of molasses, and Lactomol. 
The aim of the first experiment was to determine if the fermentation of ensiled 
perennial ryegrass was improved by the application of SilCare, in the presence 
or absence of molasses, or by the application of a commercial inoculant, 
Lactomolm. This gave five herbage treatments; untreated control (C), 
uninoculated control and molasses (M), Lactomol (LM), SilCare and molasses 
(SM), and SilCare and Ringer (S) (Table 4.1.1). 
Investigations were carried out on second cut perennial ryegrass harvested on 
1 July, 1987. The perennial ryegrass had a dry matter (DM) content of 176 g kg' 
and a total WSC content of 119 g kg -1 DM. The inoculants were prepared in 
accordance with section 2.6. Broth cultures were used to prepare SilCare which 
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consisted of a ratio of two L. plantarum L71 cells to every one P. pentosaceus 
P826 cell. The inoculants were applied to the herbage and the silage prepared 
as described in sections 2.7 and 2.8. Herbage and silages were analysed for 
chemical composition and microbial flora as described in section 2.9. 
Table 4.1.1 Treatments applied to the herbage. 
CODE 	 TREATMENT 
C 	 Untreated control. 
M 	 Molasses-only. 
LM 	 Lactomol. 
SM 	 SilCare and molasses. 
S 	 SilCare and Ringer. 
4.1.1 Analysis of inoculants. 
Preliminary analysis of Lactomol indicated that it contained 3.5 x 10 cfu g' 
On the day of ensuing a slightly higher concentration of 4.2 x 10 cfu g' was 
recorded, giving an inoculant level of 1.8 x 10 cfu g 4 of herbage. 
The concentration of the broth cultures L. plantarum L71 and P. pentosaceus 
P826, which form the inoculant SilCare, were established by using plate and 
light microscope count techniques. Culture concentrations were initially 
confirmed using light, counts (section 2.6.2) prior to ensilage as results could not 
be obtained immediately on the day of ensuing due to the incubation period. 
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Identical growth conditions were repeated for the day of ensilage and culture 
concentrations were quickly verified using the light microscope. Results from 
the plate counts later confirmed the culture concentrations of L. plantarum L71 
and P. pentosaceus P826 to be 2.9 x 10 cfu nil - ' and 1.6 x 109 cfu m14 , 
respectively. Cultures were diluted with Ringer to concentrations of 1.4 x 108 
cfu ml-1 for L. plantarum L71 and 6.5 x 107  cfu ml-1 for P. pentosaceus P826. 
Combining of the diluents in equal proportions resulted in a final concentration 
of 1.0 x 108  cfu m1 1 , with a ratio of 2.2 L. plantarum L71 cells to every one 
P. pentosaceus P826 cell making it comparable with the culture ratios present in 
Lactomol. This gave an inoculant level of 4.4 x 104 cfu g- ' of herbage. 
4.1.2 Changes in chemical composition during ensilage. 
The herbage used for all the treatments had the following composition (Table 
4.1.2) at the time of ensiling: oven dry matter (0DM) (without molasses), 176 g 
kg-' fresh material (FM); 0DM (with molasses), 180 g kg' FM; water soluble 
carbohydrate (WSC) content (without molasses), 119 g kg -1 DM; WSC content 
(with molasses), 143 g kg-1  DM; total-nitrogen, 32.2 g kg -' DM; crude protein, 
201 g kg-1 DM; protein-nitrogen, 889 g kg- ' TN and a buffering capacity of 348 
mequiv kg- ' DM. The pH value of an aqueous macerate of the herbage was 
approximately 6.15 (Table 4.1.2). 
The herbage was cut pre-ear emergence and had a high total-nitrogen content, a 
low WSC content and a low MAD fibre content. In treatments without 
molasses (C and S) the WSC constituted 2.1% of the fresh material. The 
addition of molasses to the herbage (M, LM and SM) caused an increase in the 
WSC content of the fresh material to 2.6% and an increase in the DM content 
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Table 4.1.2 Chemical composition of herbage prior to ensilage. 
Chemical paramater Value 
Oven dry matter (g kg- 1 fresh material): 
without molasses 176 
with molasses 180 
Water soluble carbohydrates (g kg' DM): 
without molasses 119 
with molasses 143 
Total-nitrogen (g kg-' DM) 32.2 
Crude protein (g kg-' DM) 201 
Protein-nitrogen (g kg-' TN) 889 
pH 6.15 
Buffering capacity (mequiv kg -1 DM) 348 
Modified acid detergent fibre (g kg -1 DM) 241 
147 
of the fresh material of 0.4% units due to the high DM content (721 g kg -1) of 
the molasses. 
The chemical composition of the silages in this experiment after two, 15, 49 and 
110 d ensilage are shown in Table 4.1.3 and Figure 4.1.1. The composition of 
the two d silages was calculated using the DM determined at 600C; all other 
calculations were based on silage DM determined by toluene distillation and 
corrected for volatile fatty acids and alcohols. The toluene thy matter (TDM) 
values were lowest at the final opening but within treatments there were no 
significant differences. 
There was a steady decline in the pH with time. Within the first 48 h of ensilage 
a rapid fermentation ensued such that the pH fell in all the treatments. The 
ensilage of herbage with SilCare and molasses resulted in a reduction in the pH 
sooner than with the other treatments and over all it had the lowest pH value 
(P < 0.001). After 15 d of ensilage the pH of treatments SM and S were similar 
(P > 0.05), but lower than the other treatments (P <0.001). In comparison, pH 
values of above 4.0 were recorded for the untreated control and the molasses-
only silage, 4.28 and 4.14 respectively (Table 4.1.3). These values were 
significantly different (P < 0.001) from the inoculated silages. All the silages 
inoculated with LAB (LM, SM and S) had similar pH values (P > 0.05) of 
below 4.0 (Figure 4.1.1) by 49 d ensilage. By the end of the fermentation the 
pH values of all the silages were reduced to 4.0 or less (Table 4.1.3 and Figure 
4.1.1) with silages LM and SM having similar values (P > 0.05). These two 
treatments reduced the pH of the resultant silages quickest and to a greater 
extent than that of the untreated control and molasses-only treatments (P < 
0.001). The pH of herbage ensiled with SilCare in the absence of molasses was 
only slightly higher than that of herbage treated with Lactomol or SilCare and 
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Table 4.13 Chemical composition of herbage ensued with different 
treatments assessed over 110 d ensilage. 
Sample Chemical Treatment 
Day Parameter C M LM SM S 
2 pH 4.51 4.43 4.40 4.29 4.35 
15 4.28 4.14 3.98 3.80 3.83 
49 4.08 3.92 3.84 3.80 3.82 
110 4.00 3.90 3.79 3.79 3.83 
SED 	= 0.022 
2 0DM 165 177 175 173 166 
15 gkg-1 171 177 179 180 172 
49 ND ND ND ND ND 
110 164 176 176 178 173 
SED = 2.3 
2 TDM ND ND ND ND ND 
15 gkg-1 163 174 170 173 164 
49 166 177 171 171 164 
110 163 172 170 169 163 
SED=2.7 
2 TN 32.4 31.0 31.8 31.3 32.8 
15 g kg-i DM 33.3 31.8 31.6 32.4 33.2 
49 32.1 31.2 31.7 31.3 32.5 
110 33.7 32.0 31.8 32.5 34.5 
SED = 0.68 
2 PN 581 571 603 603 579 
15 gkg-1TN 336 356 344 384 358 
49 239 289 279 281 269 
110 220 236 253 293 295 
SED = 23.8 
2 VN 17 12 13 21 25 
15 gkg-1TN 43 37 36 35 41 
49 62 58 59 49 62 
110 70 68 60 52 55 
SED = 7.5 
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Table 4.13 (cont) Chemical composition of herbage ensued with 
different treatments" assessed over 110 d ensilage. 
Sample Chemical Treatment 
Day Parameter C M LM SM S 
2 WSC 75 80 78 72 73 
15 g kg-1 DM 69 63 57 62 55 
49 46 31 33 66 58 
110 51 31 34 80 65 
SED = 7.5 
2 EtOH 4.13 3.53 3.43 3.67 3.77 
15 gkg-iDM 5.00 3.67 3.67 3.30 5.00 
49 4.50 3.37 3.43 3.37 3.77 
110 5.30 4.30 3.67 4.00 5.00 
SED = 0.789 
2 AA 13.0 16.0 14.3 14.0 13.0 
15 g kg-1 DM 19.0 17.3 20.0 14.0 12.7 
49 17.0 22.0 21.0 14.3 12.7 
110 20.7 28.3 22.7 15.7 16.3 
SED = 1.59 
2 LA 55 63 69 64 69 
15 gkg-1DM 99 78 112 130 155 
49 111 128 127 146 161 
110 121 122 144 156 189 
SED = 9.6 
KEY 
Chemical 	0DM - 	 Oven dry matter. 
Parameter TDM - Toluene dry matter. 
TN - 	 Total-nitrogen. 
PN - Protein-nitrogen. 
VN - 	 Ammonia-nitrogen. 
WSC - Water soluble carbohydrate 
EtOH - 	 Ethanol. 
AA - Acetic acid. 
LA - 	 Lactic acid. 
ND - Sample not analysed. 
For treatment s definition refer to Table 4.1.1. 
SED - standard error of the difference of the means between means of columns and 
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molasses. However, herbage treated with SilCare, in the absence of molasses, 
had a significantly lower pH than that produced by the untreated control (P < 
0.001) or the molasses-only (P < 0.01) treatment. These results show that, in 
the case of SilCare, a combination of inoculant and molasses reduced the pH of 
the resultant silage to a greater extent (P < 0.05) than did the inoculant alone. 
During first 15 d of ensilage the WSC contents of all the silages fell. However, 
after 49 d there was a slight, non-significant (P > 0.05) increase in the WSC 
content of both the SilCare-inoculated silages. All treatments had a similar 
WSC content (P > 0.05) at two and 15 d ensilage. The WSC content of herbage 
treated with SilCare were similar to each other and were the highest (P < 0.05) 
of all the treatments after 49 d ensilage. At day 110 the silages treated with 
SilCare, in the presence or absence of molasses, had the highest WSC content, 
80 and 65 g kg-' DM respectively. The WSC content of silage SM 
was higher than that of silages LM, M and C (P < 0.001) and .S (P < 0.01). 
SilagesLM and M contained lower levels (P < 0.01) of WSC than the untreated 
control. 
Overall, the amount of lactic acid present in the silages increased in each 
treatment during the ensilage period. After two d the lactic acid levels in all the 
silages were similar (P > 0.05) but after 15 d ensilage the bacterial inoculated 
silages (LM, SM and S) contained the most. Silage treated with SilCare 
contained significantly more lactic acid than silages M and C (P > 0.05) but not 
than silage LM (P > 0.05) (Table 4.1.3). The high lactic acid contents were 
reflected in the low pH obtained for silages LM, SM and S. After 49 d ensilage 
only silages SM and S contained more lactic acid (P < 0.001) than the untreated 
control. On the final sampling day silages LM and SM had similar lactic acid 
contents (P > 0.05), and silage SM contained more lactic acid than the 
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untreated control (P < 0.001) and the molasses-only treatment (P < 0.01). 
Throughout the fermentation, but particularly after 110 d of ensilage, SilCare in 
the absence of molasses possessed a higher lactic acid content than either the 
same inoculant with molasses (P < 0.01) or the other treatments (P <0.001). 
Table 4.1.4 Ratio of lactic acid to acetic acid in the silage. 
Sample Treatment 
Day C M LM SM S 
2 4.23 3.94 4.93 4.57 5.31 
15 4.63 4.51 5.60 9.29 12.20 
49 6.53 5.82 6.05 10.21 12.68 
110 5.85 4.31 6.34 9.94 11.47 
For treatment definition refer to Table 4.1.1. 
The acetic acid content of all the silages increased throughout the fermentation. 
However, there were no significant differences among the silage treatments 
after 48 h ensilage (P > 0.05). On sampling day 15, herbage treated with 
SilCare, in the presence or absence of molasses, contained less acetic acid than 
silage LM (P < 0.001), M (P < 0.05) or C (P < 0.01). After 49 d ensilage 
silages S and SM contained less acetic acid than silage LM (P < 0.001 and P < 
0.001 respectively) but SM contained a similar amount to the untreated control. On the final 
sampling day, silages S and SM contained similar levels of acetic acid and these 
were significantly lower than those of other treatments (P < 0.01) . The highest 
acetic acid contents were recorded for herbage treated with molasses-only (M) 
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or with Lactomol (LM), but only silage M had a significantly higher content 
(P < 0.001) than the untreated control. The mean ratio of lactic acid to acetic 
acid at each sampling time, from two to 110 d, was greatest for the SilCare 
inoculated silages, particularly in the absence of molasses (Table 4.1.4). No 
butyric or propionic acid was detected in any of the silages on any of the 
sampling days. 
The protein-nitrogen content of the silages fell during the fermentation with 
the greatest decrease occurring within the first 48 h of ensilage. The overall 
mean values for each treatment indicated that herbage treated with SilCare and 
molasses contained the most protein-nitrogen. Throughout the ensilage period 
the protein-nitrogen content of all the silages fell, except for S and SM between 
49 d and 110 d At 110 d the highest protein-nitrogen contents (Table 4.1.3) 
were present in those silages treated with the inoculant SilCare, 293 and 295 g 
kg-' TN for SM and S respectively (Table 4.1.3). The amounts of protein-
nitrogen in herbage treated with Lactomol and with molasses-only were not 
significantly less (P > 0.05) than in the SilCare-treated silages. The untreated 
control contained least protein-nitrogen, significantly less than silages S and SM 
(P < 0.01). 
The ammonia-nitrogen content was low, less than 70 g kg -' TN in every silage 
during the whole preservation period (Table 4.1.3 and Figure 4.1.1). Herbage 
treated with SilCare, with or without molasses, had the highest ammonia-
nitrogen levels within 48 h of ensilage but each treatment contained similar 
amounts of ammonia-nitrogen after 15 d of ensilage. After 49 d of ensilage 
silage SM contained the lowest amount of ammonia-nitrogen (P < 0.05). 
Proteolysis was most extensive in the untreated silage (lowest protein-nitrogen 
content after 110 d ensilage) and this silage had the highest ammonia-nitrogen 
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content 	 by 110 d of ensilage (Table 4.1.3 and Figure 4.1.1). In 
contrast, silages SM and S produced the lowest ammonia-nitrogen levels after 
110 d of ensilage, 52 and 55 g kg - ' TN respectively. The ammonia-nitrogen 
contents of the two SilCare-treated silages were lower than that of the 
Lactomol-treated silage but the difference was not significant (P > 0.05). 
Lower ammonia-nitrogen levels were recorded for treatment S (P < 0.01), SM 
(P < 0.001), LM (P < 0.05) and M (P > 0.05) than for the untreated control. 
Silage SM contained less ammonia-nitrogen than the molasses-only silage (P < 
0.001). 
The ethanol contents of the silages throughout the ensilage period were low, 
with an overall mean value of 4.00 g kg-' DM. On each sampling day the 
untreated control produced the highest ethanol value (Table 4.1.3). At two and 
49 d ensilage the ethanol contents of all the treated silages were similar. On 
sampling day 15 the untreated control and silage S had the same ethanol 
content (5.0 g kg-' DM). Both contained significantly more ethanol than 
treatment SM (P < 0.05) (Table 4.1.3). After 110 d all the treated silages 
contained similar amounts of ethanol, the only significant difference being 
between the untreated control and silage LM which contained least ethanol (P 
< 0.05). 
4.1.3 Microbial changes during ensilage. 
The total concentration of epiphytic LAB on the herbage was 1.8 x 106  cfu g4 . 
Results from the microbial analysis indicated that 83% of the colonies were 
streptococci and the others were lactobacilli and pediococci. On the ensiling 
day analysis of herbage inoculated with SilCare, revealed a LAB concentration 
.of 3.0 x 10 and 6.0 x iO g- ' of herbage, in the presence or absence of molasses 
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(SM and S) respectively. After inoculation, a concentration of 6.4 x 10 5 LAB g 1 
of herbage was recorded for the herbage treated with Lactomol. All the 
inoculated treatments (LM, SM and S) produced lower total LAB counts than 
the untreated control, 1.8 x 106  LAB g4 of herbage. Only the untreated control 
was analysed for Enterobacteriaceae and yeasts as there were none present in 
the inoculants and the herbage used for each treatment came from the same 
source. The epiphytic Enterobacteriaceae and yeasts were present in numbers 
of 2.2 x 106 and 3.7 x 104 cfu g- ' of herbage respectively. The yeasts on the 
herbage as ensiled were greater than 1 x 10 5 cfu g4 herbage DM. 
The microbial composition of the silages throughout the fermentation are 
shown in Table 4.1.5 and Figure 4.1.2. Within 48 h of ensilage the number of 
LAB had increased in each treatment to a similar magnitude, producing an 
average of 1.6 x 10 LAB g -' of silage. Silage produced from herbage treated 
with SilCare and molasses gave the highest LAB counts, and SilCare without 
molasses gave slightly lower LAB counts (Figure 4.1.2). Herbage treated with 
molasses-only produced silage on which the growth of the epiphytic LAB was 
stimulated to the same extent as on herbage inoculated with SilCare or 
Lactomol (Figure 4.1.2), but the pH was not reduced by the same extent (Figure 
4.1.1). The growth of the LAB in herbage treated with SilCare was stimulated 
more than in herbage treated with Lactomol, levels of greater than 10 9 LAB g' 
silage were recorded after two d (Table 4.1.5 and Figure 4.1.2). Herbage 
originally treated with SilCare, in the presence or absence of molasses, 
contained the least number of LAB after 49 d of ensilage (Figure 4.1.2). By the 
end of the ensilage period (110 d) the lowest number of LAB was recorded for 
silage originally treated with SilCare and molasses (Table 4.1.5). 
After 48 h of ensilage the lowest Enterobacteriaceae counts were recorded for 
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Table 4.1.5 Number of microorganisms of various groups*  (cfu g-' 
material) isolated from herbage ensiled with different treatments 
over a 110 d period. 
Sample Microbial Treatment** 
Day Group* C M LM SM S 
o ENT 2.2 x 106 ND ro ND ND 
2 4.8 x 106 1.8 x 106 8.0 x 105 1.2 x 105 6.7 x 105 
15 0 0 0 0 0 
49 0 0 0 0 0 
110 0 0 0 0 0 
0 LAC 3.1 x 105 ND ND ND ND 
and PED 
0 LAB 1.8 x 106 ND 6.4 x 105 3.0 x 105 6.0 x iO 
2 1.4 x 109 1.8 x 109 8.4 x 108 2.2 x 109 1.8 x iO 
15 2.0 x 108 3.7 x 108 8.3 x 108 4.7 x 108 6.0 x 108 
49 7.0 x 107 2.0 x 108 2.0 x 108 1.2 x 106 5.0 x 106 
110 3.2 x 108 2.0 x 107 2.3 x 108 3.0 x 105 3.0 x 106 
0 YST 3.7 x 104 ND ND ND ND 
2 1.3 x 105 1.9 x 105 1.2 x 105 1.8 x 105 4.9 x 105 
15 1.0 x 102 2.1 x 102 < 102 < 102 < 102 
49 8.2 x 102 0.00 3.6 x 101 3.5 x 102 2.9 x 102 
110 9.7 x 103 1.0 x 101 3.0 x 101 5.0 x 103 2.0 x 106 
110 LAY 6.3x 102 0 0 6.3x 102 1.7x  106 
ff. W4 
Microbial 	 ENT 	- Enterobacteriaceae. 
Group LAC and FED - Lactobacilli and pediococci. 
LAB 	- Lactic acid bacteria. 
YST - Yeasts. 
LAY 	- Lactate assimilating yeasts. 
ND - Counts not determined. 
For treatment" definition refer to Table 4.1.1. 





Figure 4.1.2 Histogram representation of the number of microorganisms of 
various groups (cfu g 1 material) isolated from herbage ensiled with different 
treatments, over a 110 d period. 
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herbage ensued with treatment SM (Figure 4.1.2). In contrast, the highest 
number of Enterobacteriaceae was recorded for the untreated control (Figure 
4.1.2). On subsequent sampling days no Enterobacteriaceae were detected in 
any of the silages (Table 4.1.5). No clostridia were found in any of the silages at 
any of the opening times. Yeasts were present in numbers greater than 10 cfu 
g-1  DM of silage for all treatments on sampling day 2 (Table 4.1.5). The yeast 
counts decreased by 15 d ensilage but an increase was observed towards the end 
of the ensilage period (Table 4.1.5) with the highest count being recorded for 
herbage treated with only SilCare. The molasses-only treatment contained the 
least number of yeasts, 1.0 x 101  cfu g4 of silage (Table 4.1.5). Herbage treated 
with Lactomol produced silage with a lower yeast count than herbage treated 
with SilCare, in the presence or absence of molasses. The majority of the yeasts 
detected on the final sampling day were lactate-assimilating with silage S having 
the highest count, above 1 x 10 cfu g 1 herbage DM. 
4.1.4 Summary. 
At each sampling time, the treatment of herbage with SilCare and molasses had 
significant effects on the silage composition. At the end of the fermentation this 
silage had a low pH, low ammonia-nitrogen and acetic acid contents, and high 
WSC, lactic acid and protein-nitrogen levels. Initially the WSC concentration of 
this silage fell rapidly due to utilization by the LAB. However, after 110 d of 
ensilage the WSC concentration was the highest for silage SM. Silage treated 
with Lactomol was only better in one respect than silage treated with SilCare 
and molasses in that it contained fewer yeasts, presumably due to the fact that 
less WSC was available for their growth. Overall, SilCare with molasses 
improved the fermentation of perennial ryegrass to a greater extent than 
SilCare-only and proved to be more efficient than the commercial inoculant 
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Lactomol, even when the LAB were added at a lower application rate. 
4.2 Effects on silage quality when using different ratios of the 
constituent cultures of SilCare. 
The aim of the experiment was to determine whether the efficiency of the 
fermentation could be improved by varying the ratio of cultures L. plantarum 
L71 and P. pentosaceu.c P826 in SilCare. The different ratio combinations were 
ensued in the presence and absence of molasses. This gave six silage treatments 
(Table 4.2.1); untreated control (C), uninoculatedcontrol and molasses (M), a 
ratio of 3 P826 : 1 L71 cells in the absence (A) and presence (AM) of molasses, 
and an alternative ratio of 1 P826 : 3 L71 cells in the absence (B) and presence 
(BM) of molasses. 
Table 4.2.1 Treatments applied to the herbage. 
CODE 	 TREATMENT 
C 	 - 	 Untreated control. 
M 	 - Molasses-only. 
A 	 - SilCare and Ringer (3 P826: 1 L71). 
AM 	- SilCare and molasses (3 P826: 1 L71). 
B 	 - SilCare and Ringer (1 P826 : 3 L71). 
BM 	- SilCare and molasses (1 P826 :3 L71). 
Investigations were carried out on lucerne harvested on 29 September, 1987. 
The lucerne had a DM content of approximately 236 g kg' and a low total WSC 
content of 62 g kg-1  DM. The inoculants were prepared in accordance with 
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section 2.6. The constituent cultures of SilCare were grown in MRS broth and 
diluted to form the required ratios of L. plantarum L71 to P. pentosaceus P826. 
The inoculants were applied and the silage prepared as described in sections 2.7 
and 2.8. Herbage and silages were analysed for chemical composition and 
changes in microbial flora as described in sections 2.9. 
4.2.1 Analysis of inoculants. 
The concentration of the broth cultures-L-plantarum L71 and P. penrosaceus 
P826 was established as previously described in section 2.6.2. Results from the 
plate counts confirmed the culture concentration of L71 and P826 to be 
4.7 x 108 cfu ml-1 and 2.3 x 109 cfu ml respectively. For treatment A and AM 
cultures were diluted with Ringer to concentrations of 3.5 x 108  cfu ml-1 for 
P. penrosaceus P826 and 1.2 x 108  cfu ml- ' for L. plantarum L71 which gave a 
ratio of 2.9: 1 respectively'. For treatment B and BM, cultures P826 and L71 
were diluted with Ringer to 1.1 x 108  cfu ml and 3.6 x 108  cfu nil4 which gave a 
culture ratio of 1: 3.3 respectively. Combining the appropriate ldfluents,  in 
equal proportions resulted in a final concentrations of approximately 2.3 x 108 
cfu ml-1 which gave inoculant levels of 1.0 x 105 cfu g' of herbage for all the 
SilCare treatments. 
4.2.2 Changes in chemical composition during ensilage. 
The lucerne used for all the treatments had the following composition at the 
time of ensiling: 0DM, 236 g kg -' FM; WSC, 62 g kg- ' DM; total-nitrogen, 
29.0 g kg-1 ; crude protein, 181 g kg - ' DM; protein-nitrogen, 828 g kg- ' TN; and 
a buffering capacity of 511 mequiv kg-1 DM (Table 4.2.2). The pH value of an 
aqueous macerate of the herbage was approximately 6.20 (Table 4.2.2). 
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Table 4.2.2 Chemical composition of herbage prior to ensilage. 
Chemical parameter Value 
Oven dry matter (g kg-' fresh material): 
without molasses 236 
with molasses (theoretical) 242 
Water soluble carbohydrates (g kg-' DM): 
without molasses 62 
with molasses (theoretical) 93 
Total-nitrogen (g kg-' DM) 29.0 
Crude protein (g kg- ' DM) 181 
Protein-nitrogen (g kg - ' TN) 828 
pH 6.22 
Buffering capacity (mequiv kg-' DM) 511 
Modified acid detergent fibre (g kg-' DM) 359 
163 
The changes in chemical composition of the silages in this experiment from 
two d to 112 d ensilage are shown in Table 4.2.3 and Figure 4.2.1. The 
composition of silages were calculated using 0DM; all other calculations were 
based on silage DM determined by toluene distillation and corrected for 
volatile fatty acids and alcohols. Higher DM contents were recorded for those 
herbage samples treated with molasses due to its high DM content (721 g kg -1 
FM). 
There was a gradual decline in the pH of all the silages during the fermentation 
but a pH of less than 4.0 was not recorded for any of the silages on any of the 
sampling days. The untreated control had the highest pH (Table 4.2.3) on each 
of the sampling days. The lowest pH was recorded for silage AM during the 
first 14 d of ensilage, however, at later openings silage BM had the lowest pH. 
The addition of molasses with treatments A and B resulted in the pH of the 
silages being reduced to a lower level (Table 4.2.3 and Figure 4.2.1). The pH 
was significantly lower for herbage ensued with treatment BM compared to 
treatment B after 14, 50 and 112 d ensilage (P < 0.05, P < 0.05 and P < 0.01 
respectively). In the case of ratio A the pH of silage AM was only 
• significantly lower than silage A after 2 and 112 d ensilage. After 48h 
ensilage there was a significant fall (P < 0.001) in the pH of the herbage treated 
with SilCare. The pH values of both silages C and M remained high at 6.32 and 
6.30 respectively (Table 4.2.3). By 14 d of ensilage there had been a fall in the 
pH of silage M from 6.30 to 4.66 (P < 0.001). The pH of the untreated control 
also fell (P < 0.001) but still remained above pH 5.0 (Table 4.2.3). A non-
significant (P > 0.05) increase in the pH was recorded between two d and 14 d 
for silages B and BM. Between two and 14 d ensilage there was a greater fall in 
the pH of the herbage ensued with treatment A (P < 0.05) than with treatment 
AM and both treatments experienced a non-significant increase in pH after 50 d 
164 
Table 4.23 Chemical composition of herbage ensued with different 
treatments assessed over 112 d ensilage. 
Sample Chemical Treatment 
Day Parameter* C M A AM B BM 
2 pH 6.32 6.30 4.63 4.32 4.57 4.33 
14 5.54 4.66 4.40 4.31 4.62 4.43 
50 5.29 4.57 4.52 4.36 4.47 4.28 
112 5.11 4.42 4.39 4.16 4.42 4.15 
SED 	= 0.091 
2 0DM 235 247 236 235 232 239 
14 gkg-i 236 248 236 242 235 241 
50 222 237 235 237 228 244 
112 227 236 230 233 225 236 
SED = 3.0 
2 TDM ND ND ND ND ND ND 
14 gkg-i 227 241 235 239 230 241 
50 232 241 229 234 229 237 
112 235 238 231 236 229 236 
SED = 1.7 
2 TN 28.1 28.9 28.7 30.0 30.3 28.1 
14 g kg-1 DM 27.0 26.6 27.3 27.3 27.5 26.9 
50 27.5 27.1 29.7 28.9 29.6 27.2 
112 28.5 28.2 28.2 27.4 29.8 28.3 
SEP 0.83 
2 PN 517 548 480 497 501 498 
14 gkg-1TN 429 395 428 464 441 414 
50 327 368 401 420 395 406 
112 334 376 404 363 372 368 
SED = 23.6 
2 VN 46 37 38 35 33 33 
14 g kg-1 TN 159 133 70 49 60 36 
50 200 130 87 46 72 42 
112 212 130 112 66 96 55 
SED=7.7 
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Table 4.23 (cont) Chemical composition of herbage ensiled with 
different treatments assessed over 112 d ensilage. 
Sample Chemical Treatment 
Day Parameter' C M A AM B BM 
2 WSC 33 59 18 28 18 27 
14 g kg-i DM 17 35 21 35 25 32 
50 6 19 9 26 12 27 
112 12 23 15 35 15 33 
SED = 3.3 
2 EtOH 3.00 2.00 2.00 2.00 2.30 2.00 
14 g kg-i DM 4.67 3.30 3.30 2.67 2.67 2.67 
50 6.30 4.00 4.00 3.30 3.00 3.70 
112 9.00 6.00 4.00 3.30 4.00 4.00 
SED = 0.502 
2 AA 8.3 8.0 7.7 7.7 8.7 9.0 
14 g kg-1 DM 17.3 15.0 13.3 12.0 13.7 11.7 
50 25.7 18.0 18.7 13.7 18.0 13.7 
112 36.0 23.7 23.7 16.0 24.0 17.0 
SED = 0.99 
2 LA 67 62 87 100 85 100 
14 g kg-i DM 64 94 94 96 86 121 
50 66 96 94 115 86 113 
112 60 109 102 132 122 129 
SED = 9.3 
KEY 
Chemical 	0DM 	- Oven dry matter. 
Parameter* TDM - Toluene dry matter. 
TN 	- Total-nitrogen. 
PN - Protein-nitrogen. 
VN 	- Ammonia-nitrogen. 
WSC - Water soluble carbohydrates. 
EtOH 	- Ethanol. 
AA - Acetic acid. 
LA 	- Lactic acid. 
ND - Sample not analysed. 
For treatmentdefinition refer to Table 4.2.1. 
SED*** - standard error of the differences of the means between means of columns 
and rows. Based on 2-way analysis of variance. 
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Figure 4.2.1 Histogram representation of the chemical composition 
of herbage ensiled with different treatments over 112 d ensilage. 
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Figure 4.2.1 (cont) Histogram representation of the chemical composition 
of herbage ensued with different treatments over 112 d ensilage. 
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ensilage (P > 0.05). 
On the final sample day the lowest pH was recorded for treatment BM but it 
was not significantly lower than that of treatment AM (P > 0.05). All the 
herbages treated with SilCare produced a lower pH than the untreated control 
(P < 0.001). Overall, treatment M had a higher pH than the SilCare inoculated 
treatments, however, only herbage ensued in the presence of both SilCare and 
molasses produced silage of a significantly lower pH on the final sampling day 
(P < 0.01). Of all the treatments AM and BM reduced the pH of the silages the 
quickest and to the greatest extent. 
The WSC contents of all the silages fell during the ensilage period until 112 d 
when an increase was observed (P < 0.001). Throughout the fermentation 
silages AM and BM, and silages A and B had similar WSC contents. After 48 h 
ensilage the highest WSC contents were recorded for silages M and C, 59 g kg' 
DM and 33 g kg-1  DM respectively. Herbage ensued with SilCare in the 
presence of molasses had a higher WSC content than with SilCare-only, P < 
0.01 and P < 0.05 for treatment AM and BM respectively. Results recorded 
after 14 d ensilage showed a slight rise in the WSC content of the SilCare-
treated silages. In contrast, the WSC level in the untreated control and 
molasses-only treatment fell significantly from the level recorded at day 2 (P < 
0.001 and P < 0.001 respectively). By sampling day 50 a fall in the WSC content 
was observed in all the treatments with the untreated control having the lowest 
level, 6 g kg -1 DM (Table 4.2.3). On the final sampling day, silage M had a 
higher WSC level than was recorded for treatments C, A and B (P < 0.01, P > 
0.05 and P < 0.05, respectively) which had similar WSC levels but silages AM 
and BM had the highest WSC levels, significantly higher than in silage M (P < 
0.001 and P < 0.01) respectively. 
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The amount of lactic acid present in the silages increased in each treatment 
throughout the ensilage period. The lactic acid level of the untreated control 
tended to fluctuate slightly during the fermentation but none of these changes 
was significant (P > 0.05). After two d ensilage the bacterial inoculated silages 
(treatments A, B, AM and BM) contained similar amounts of lactic acid but 
more than in silages C and M. The high lactic acid contents were reflected in 
the low pH values recorded for these treatments. A large increase in the 
amount of lactic acid present in silage M was recorded between two and 14 d 
ensilage (P < 0.01) and this increase was accompanied by a rapid fall in the pH 
of the silage (P < 0.001). The untreated control contained the least amount of 
lactic acid throughout the ensilage period and this was reflected in the relatively 
high pH values recorded. On the final sampling day the highest lactic acid 
levels were recorded for silages AM and BM (P > 0.05), both of which 
contained more lactic acid than the untreated control (P <0.001) or silage M (P 
< 0.05). On day 112 silage B contained more lactic acid than silage A (P < 
0.05). A comparison of the lactic acid contents of the SilCare-treated silages at 
the end of the fermentation indicated that the addition of molasses to 
treatments A and B caused a significant increase in the lactic acid content of the 
former (P < 0.01) and non-significant increase in the latter (P > 0.05). 
The acetic acid content of all the silages increased during ensilage (Figure 
4.2.1). There were no significant differences among silages after 48 h ensilage 
(P > 0.05) (Table 4.2.3). After 14 d ensilage herbage treated with the two 
different ratios of SilCare with molasses, contained similar amounts of acetic 
acid to each other but less than other treatments. A comparison between 
treatment B and BM showed a reduction (P < 0.05) in the amount of acetic acid 
when herbage was ensiled with the addition of an inoculant and molasses but 
this affect was not observed between treatments A and AM. After 50 d ensilage 
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silages AM and BM had similar acetic acid contents and contained less (P < 
0.001) acetic acid than the other treatments. The same trend was observed 
(Figure 4.2.1) on the final sample day but, although silage AM contained least 
acetic acid, it was not significantly less than the amount present in treatment 
BM (P > 0.05). The ratio of lactic acid to acetic acid (Table 4.2.4) at each 
opening time was greatest for treatments AM and BM and least for treatment 
C. During the fermentation the ratio recorded for each treatment decreased 
with time, except for treatment B on the final sampling day 112. No butyric or 
propionic acid was detected in any of the silages on any of the sampling days. 
Table 4.2.4 Ratio of lactic acid to acetic acid in the silages. 
Sample Treatment 
Day C M A AM B BM 
2 8.01 8.05 11.30 12.99 9.77. 11.84 
14 3.70 6.27 7.07 8.00 6.28 10.34 
50 2.57 5.33 5.03 8.21 4.78 8.25 
112 1.67 4.60 4.30 8.25 5.08 7.59 
For treatment definition refer to Table 4.2.1. 
Throughout the fermentation the protein-nitrogen content of the silages 
decreased. The treatment mean values indicated that the protein-nitrogen 
contents of the silages (except silage C) were similar; the highest value was 
recorded for treatment AM, 435.8 g kg-' TN. Silage C contained significantly 
less protein-nitrogen than silages A, B and AM (P < 0.001). After two d 
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ensilage the highest protein-nitrogen levels were recorded for treatments C 
and M. All the SilCare-inoculated silages contained similar amounts of protein-
nitrogen, lower than those present in silages C (P > 0.05) and M. After 14 d 
ensilage silage M contained least protein-nitrogen, but only significantly less 
than silage AM (P < 0.01). After 50 d ensilage the untreated control had the 
lowest protein-nitrogen content of all the treatments (M, P > 0.05; A, P < 0.01; 
B, P < 0.01; AM, P < 0.001; BM, P < 0.01). All the SilCare-treated silages 
had similar protein-nitrogen contents. At the end of the fermentation the 
untreated control contained least protein-nitrogen, however, only silage A 
contained significantly more protein-nitrogen (P < 0.01) than any of the other 
silages. 
The amount of ammonia-nitrogen in the silages increased during the 
fermentation. Overall, silage C contained most and silage BM least ammonia-
nitrogen. During the first 48 h of ensilage the ammonia-nitrogen content was 
below 50 g kg' TN in every silage (Table 4.2.3). Similar ammonia-nitrogen 
levels were observed for all the SilCare treatments (Figure 4.2.1) with 
treatments B and BM having the lowest values. After 14 d ensilage there was a 
rapid increase in the amount of ammonia-nitrogen present in silages C and M, 
although the difference appearçd to be slight it was significant (P < 0.01). 
Figure 4.2.1 shows that silage C had the highest ammonia-nitrogen content of all 
the silages on each sampling day. During the ensilage period the amount of 
ammonia-nitrogen present in each silage increased significantly (P < 0.001) 
(Figure 4.2.1). Silage treated with molasses-only contained more ammonia-
nitrogen than the SilCare-treated silages. However, herbage inoculated with 
SilCare contained more ammonia-nitrogen when ensued in the absence rather 
than in the presence of molasses. Silage BM contained the least ammonia-
nitrogen throughout the ensilage period. 
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The mean ethanol content of all the silages was low at 5.01 g kg -1 DM. During 
ensilage silage AM contained slightly less ethanol than silage A, whereas the 
reverse was true for silages B and BM. However, the difference between the 
ethanol levels in each of the SilCare-treated silages throughout the 
fermentation was not significant (P > 0.05). Herbage ensiled with molasses-
only contained either similar or slightly more ethanol than the SilCare-treated 
herbage after two, 14 and 50 d ensilage. On the final sampling day silage M 
contained more ethanol (P < 0.001 ) than silages A, B, AM and BM but less 
than the untreated control (P < 0.001). Silage C contained the highest level of 
ethanol on each of the sampling days and although the difference was only slight 
after two d it was significantly greater by 14 d ensilage (P < 0.01) and increased 
in magnitude thereafter (P < 0.001). 
4.2.3 Microbial changes during ensilage. 
The total concentration of epiphytic LAB on the herbage was approximately 
1.8 x 103 cfu g-1 of herbage. Results from the TAA and MRS agar plates 
indicated that 57% of the colonies were streptococci and that the remaining 
colonies were either lactobacilli or pediococci. After inoculation of the herbage 
with the different SilCare treatments a concentration of approximately 1.3 x 10 
LAB g' of herbage was recorded. Results for treatments C and M indicated 
that the numbers of epiphytic Enterobacteriaceae and yeasts detected on the 
herbage prior to ensilage were 3.6 x i0 and 5.1 x 10 3 cfu g 1 respectively. 
The microbial composition of the silages throughout the fermentation is shown 
in Table 4.2.5 and Figure 4.2.2. After 48 h ensilage the number of lactic acid 
bacteria had increased in each treatment, producing an average of 3.8 x 10 
LAB g-1 of silage. The highest LAB number was recorded for the SilCare- 
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Table 4.2.5 Number of microorganisms of various groups (cfu g -1 
material) isolated from herbage ensued with different treatments** 
over a 112 d period. 
Sample Microbial Treatment** 
Day Group C M A AM B BM 
o ENT 2.1 x 105 5.0 x 10 ND ND ND ND 
2 > 108 > 108 6.6 x 106 1.4 x 105 2.9 x 106 1.7 x 105 
14 > 108 4.9 x 106 5.2 x 104 0 5.3 x 108 0 
50 2.4x106 0 0 0 0 0 
112 2.6 x 103 6.6 x 102 0 0 0 0 
0 LAC 3.5 x 102 1.2 x 103 ND ND ND ND 
and PED 
0 LAB 9.4 x 102 2.7 x 103 1.4 x 105 1.4 x 105 1.3 x 105 1.2 x 105 
2 1.1 x 109 9.0 x 108 4.8 x 109 4.1 x 109 4.6 x 109 3.7 x 109 
14 1.3 x 109 1.0 x 10 7.9 x 108 4.3 x 108 1.2 x 109 8.8 x 108 
50 6.5 x 108 3.9 x 108 3.3 x 108 1.0 x 108 2.2 x 108 1.1 x 108 
112 2.7 x 108 1.8 x 108 2.1 x 108 4.4 x 107 2.4 x 108 2.8 x 1 0 
0 YST 3.6 x 103 6.6 x 103 ND ND ND ND 
2 2.3 x 103 6.3 x 102 < 102 < 102 < 102 < 101 
14 < 102 0 10 10 < 10 < 102 
50 3 1.1 x 108 0 1.8 x 102 0 3 
112 3 3 3 0 0 3 
112 LAY 1.3 x 101 1.3 x 101 3 0 0 3 
KEY 
Microbial 	ENT 	 - 	Enterobacteriaceae. 
Group LAC and FED - Lactobacilli and pediococci. 
LAB 	 - 	Lactic acid bacteria. 
YST - Yeasts. 
LAY 	 - 	Lactate-assimilating yeasts. 
ND - Counts not determined. 
For treatment**  definition refer to Table 4.2.1. 
Counts are based on pooled samples from triplicate silos. 
174 
Figure 4.2.2 Histogram representation of the number of microorganisms of 
various groups (cfu g 1 material) isolated from herbage ensued with different 
treatments, over a 112 d period. 
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treated silages (treatments A, B, AM and BM). After 14 d ensilage the number 
of LAB in the SilCare-treated silages began to decrease and continued to do so 
throughout the rest of the ensilage period. In silages C and M the number of 
LAB continued to rise up to 50 d after which a decrease was recorded. 
However, the rate of decrease in treatments C and M was not as rapid. At the 
end of the fermentation those silages treated with SilCare (either ratio) and 
molasses contained fewest LAB (Figure 4.2.2). Although silages A and B 
contained similar numbers of LAB to silages C and M on the sampling day 112, 
between days 50 and 112 the rate of decrease to achieve this final concentration 
was greater in the SilCare-treated silages. 
After 48 h ensilage a rapid increase in the number of Enterobacteriaceae in the 
silages was recorded for treatments C, M, A and B. The numbers of 
Enterobacteriaceae fell in treatments AM and BM, none being detected after 
14 d ensilage. A high number of Enterobacteriaceae was recorded in the 
untreated control after 50 d ensilage. On the final sampling day 
Enterobacteriaceae still persisted in the untreated control and the molasses-
only treatments but the numbers were declining. 
The number of yeasts fell in all the treatments after 48 h ensilage, herbage 
treated with SilCare gave the lowest counts, with less than 10 yeasts g -1 of silage 
being present in silage BM. After 14 d ensilage the number of yeasts fell in all 
the silages except BM (Table 4.2.5). Results from the 50 d analysis showed an 
increase in the number of yeasts recorded for silages M and B. After 112 d 
ensilage low yeast counts were recorded for all thern silages. Throughout the 
ensilage period the yeast counts did not exceed 1.0 x 10 5 cfu g' of silage DM for 
any of the treatments (Table 4.2.5). Lactate-assimilating yeasts were only 
detected on the untreated control and the molasses-only treatment. The 
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number of lactate-assimilating yeasts detected for both these treatments were 
greater than the total number of yeasts recorded on the MEA plates. 
4.2.4 Summary. 
The results from this experiment showed that the untreated lucerne, unless 
ensiled with an additive, was poorly preserved with high levels of ammonia-
nitrogen, ethanol and acetic acid and low levels of WSC and lactic acid. As a 
consequence the untreated silage had a high pH and Enterobacteriaceae 
persisted for a longer period. The addition of molasses-only to herbage 
improved the fermentation but high levels of Enterobacteriaceae, ammonia-
nitrogen, ethanol and acetic acid were recorded. At the end of the ensilage 
period the pH of the silage was not reduced sufficiently to achieve the critical 
value of 4.2 and a low WSC content was recorded. 
The ensilage of herbage with either ratio of SilCare-only (treatment A and B) 
improved the fermentation and preserved lucerne more successfully than the 
addition of molasses-only. The number of enterobacteria was reduced more 
quickly and the silage contained lower levels of acetic acid, ethanol and 
ammonia-nitrogen but the pH was still above 4.2 and a low WSC content was 
recorded. The addition of molasses to SilCare-treated silages resulted in well 
preserved silages with lower pH values (pH less than 4.2), lower ammonia-
nitrogen and acetic acid contents, and higher WSC and lactic acid levels. The 
lucerne was therefore better preserved when ensued with SilCare and molasses 
than with any other treatment. 
The results indicated that a significant improvement in the preservation of 
lucerne was not achieved by using one ratio of the constituent cultures of 
SilCare in preference to the another. However, a comparison of treatments AM 
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with BM did show that the latter produced, a lower ammonia-nitrogen content, 
lower pH, more protein-nitrogen and fewer lactic acid bacteria at the end of the 
ensilage period. The ratio of the constituent cultures in SilCare used in 
treatment BM was therefore chosen in preference to the ratio used in treatment 
AM. In the trials which follow the improved SilCare inoculant consists of a 1: 3 
ratio of the constituent cultures P826 and L71 respectively. The inoculant was 
used in the presence of molasses, which was applied at the rate of 9 ml kg -1 
fresh material, and was referred to as SilCare II. 
4.3 Comparison of the efficiency of SilCare II and Lactomol during 
ensilage. 
The aim of the experiment was to determine whether SilCare II could ensue a 
low sugar grass more efficiently than Lactomol. Both additives contained LAB 
and molasses and the silages were compared with an untreated control. This 
gave three treatments (Table 4.3.1); untreated control (C), SilCare II (SM), 
Lactomol and molasses (LM). 
Table 43.1 Treatments applied to the herbage. 
CODE 	 TREATMENT 
C 	 - 	 Untreated control. 
SM 	 - 	 SilCare II. 
LM 	 - 	 Lactomol. 
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Investigations were carried out on cocksfoot harvested on the 29 October, 1987 
from National List Trial plots. The cocksfoot had a 0DM of 204 g kg -' FM and 
a low WSC content of 57 g kg- ' DM. The inoculants were prepared in 
accordance with section 2.6. Broth cultures were used to prepare SilCare II 
which consisted of three L. plantarum L71 to every one P. pentosaceus P826 cell. 
The inoculants were applied and silages prepared as described in sections 2.7 
and 2.8. Herbage and silages were analysed for chemical composition and 
microbial flora as described in section 2.9. 
4.3.1 Analysis of inoculants. 
The culture concentration of Lactomol and SilCare II was established as 
described in section 2.6. Broth cultures of L. plantarum L71 and P. pentosaceus 
P826 contained 4.2 x 109 and 2.8 x 109 cfu ml-' respectively. Strains L71 and 
P826 were diluted to 3.8 x 108  and 1.3 x 108  cfu ml-1 respectively using Ringer. 
Combining the dilutents in equal proportions gave a concentration of 2.6 x 108 
cfu ml' and a ratio of three L71 to every one P826 cell. Herbage was treated 
with Lactomol or SilCare II, at a rate of 1.0 x 10 or 1.1 x 105 cfu g-' herbage 
respectively, and molasses at the rate of 9 ml kg -' FM. 
4.3.2 Chemical changes during ensilage. 
The composition of the cocksfoot used for each treatment at the time of ensiling 
was as follows (Table 4.3.2): 0DM (without molasses), 204 g kg-1 FM; WSC 
(without molasses), 57 g kg -1 DM; total-nitrogen , 40.5 g kg -1 ; crude protein, 
253 g kg-1  DM.; and a buffering capacity of 340 mequiv kg DM. 
Table 4.3.3 and Figure 4.3.1 showed the changes in chemical composition that 
occurred in each treatment throughout the ensilage period. The composition of 
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Table 43.2 Chemical composition of herbage prior to ensilage. 
Chemical parameter Value 
Oven dry matter (g kg -1 fresh material): 
without molasses 204 
with molasses (theoretical) 214 
Water soluble carbohydrates (g kg -' DM): 
without molasses 57 
with molasses (theoretical) 88 
Total-nitrogen (g kg-' DM) 40.5 
Crude protein (g kg - '. DM) 253 
Buffering capacity (mequiv kg - ' DM) 340 
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Table 4.3.3 Chemical composition of herbage ensued with different 
treatments assessed over 111 a ensilage. 
Sample Chemical Treatment 
Day Parameter* C LM SM 
2 pH 6.24 6.29 6.17 
19 4.43 4.10 4.03 
111 4.41 4.44 3.91 
SED" = 0.029 
2 0DM 202 214 214 
19 gkg-1 208 216 230 
111 202 201 216 
SED = 3.7 
2 TDM ND ND ND 
19 gkg-i 201 206 213 
111 200 206 207 
SED = 2.2 
2 TN 40.8 38.6 39.1 
19 gkg-1DM 41.9 41.5 40.9 
111 41.5 42.6 39.7 
SED = 0.98 
2 PN 762 739 757 
19 gkg-1TN 338 376 413 
111 274 277 314 
SED = 15.0 
2 VN 8 11 12 
19 gkg-1TN 56 50 42 
111 96 80 57 
SED = 3.5 
2 WSC 89 118 115 
19 g kg-1 DM 27 22 32 
111 25 25 46 
SED = 3.0 
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Table 4.33 (cont) Chemical composition of herbage ensued with 
different treatments**  assessed over 111 d ensilage. 
Sample Chemical Treatment** 
Day Parameter C LM SM 
2 EtOH 3.33 2.30 2.00 
19 g kg4 DM 6.67 4.33 1.67 
111 9.67 7.33 3.00 
SED = 0.416 
2 AA 4.0 4.3 4.0 
19 gkg-1DM 11.0 12.0 9.3 
111 24.0 38.3 12.0 
SED = 0.90 
2 LA 19 8 39 
19 gkg-1DM 63 91 88 
111 70 49 99 
SED = 5.7 
2 PA 0.00 0.00 0.00 
19 g kg-i DM 0.00 0.00 0.00 
111 2.33 4.33 0.00 
SED = 0.222 
KEY 
Chemical 	0DM 	- Oven dry matter. 
Parameter TDM - Toluene dry matter. 
TN 	- Total-nitrogen. 
PN - Protein-nitrogen. 
VN 	- Ammonia-nitrogen. 
WSC - Water soluble carbohydrates. 
EtOH 	- Ethanol. 
AA - Acetic acid. 
LA 	- Lactic acid. 
PA - Propionic acid. 
ND 	- Sample not analysed. 
For treatment**  definition refer to Table 4.1.3. 
SED - standard error of the difference of the means between means of columns and 
rows. Based on 2-way analysis of variance. 
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Figure 4.3.1 histogram representation of the chemical composition of 
herbage ensued with different treatments over ill d ensilage. 
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Figure 4.3.1 (cont) Histogram representation of the chemical properties 
of herbage ensued with different treatments over 111 d ensilage. 
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the day 2 silages were calculated using 0DM; all other calculations were based 
on the TDM as in the previous experiment silages SM and LM had higher DM 
contents than silage C due to the presence of molasses. Similar TDM results 
were recorded for each treatment during the ensilage period, the exception was 
SM which had a higher TDM at day 19 (P < 0.05). 
The pH of the silages gradually declined during the fermentation, although 
there was a increase at the end of the ensuing period with treatment LM. After 
48 h ensilage all the silages had a pH greater than 6.0. However,silage SM had 
the lowest pH of all the silages on each of the sampling days (Table 4.3.3). 
Between two and 19 d ensilage there was a significant fall (P < 0.001) in the pH 
of each silage with silage SM having a lower pH than either silage LM (P < 
0.05) or C (P < 0.001) on day 19. After 111 d ensilage only silage SM had a pH 
value below 4.0 (Table 4.3.3) significantly lower (P < 0.001) than that recorded 
for either the untreated control or treatment LM. Although, silage LM had a 
higher pH than silage C they were not significantly different (P > 0.05). 
Treatment SM reduced the pH the most rapidly and by the greatest extent. 
The highest overall treatment mean value for the WSC was recorded for 
treatment SM, 64.6 g kg- 1 DM. After 48 h ensilage an increase in the 
carbohydrate content of all the silages was observed (Figure 4.3.1). Treatment 
C contained significantly less (P < 0.001) WSC than treatment SM and LM 
which had similar amounts of WSC. There was a significant fall (P < 0.001) in 
the WSC content of all the silages after 19 d ensilage although treatment SM 
contained more than treatment LM (P < 0.01) or than the untreated control (P 
> 0.05). At the end of the ensilage period (111 d) silage originally treated with 
SilCare II contained significantly (P < 0.001) more WSC than either silage LM 
or the untreated control which contained similar amounts. 
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The quantity of lactic acid present in the herbage increased in each treatment 
between two and 19 d ensilage. After 48 h the highest amount of lactic acid was 
recorded for silage treated with SilCare II. Silage LM had less lactic acid than 
either SM (P < 0.001) or C (P > 0.05). Between day 2 and day 19 there was a 
rapid increase in the amount of lactic acid recorded for each treatment and this 
was reflected in the dramatic fall in pH. Both silages LM and SM contained 
similar amounts of lactic acid (P >0.05) but more than the control (P < 0.001). 
On the final sampling day a significant fall (P < 0.001) in the lactic acid content 
of LM was recorded. Silage treated with SilCare H contained significantly more 
lactic acid than either treatment'C (P < 0.001)or LM (P < 0.001). 
Acetic acid levels increased in the silage during the fermentation (Figure 4.3.1). 
Overall silage SM contained least acetic acid. Within the first 48 h of ensilage 
there appeared to be no difference (P > 0.05) among the acetic acid contents of 
the three silages (Table 4.3.3). After 19 d ensilage silage LM had the highest 
amount of acetic acid but was only significantly higher than that of SM (P < 
0.01). On the final sampling day silage SM contained less acetic acid than 
silages LM and C (P < 0.001). 
Table 4.3.4 Ratio of lactic acid to acetic acid in the ensued herbage. 
Sample Treatment 
Day C SM LM 
2 4.75 9.75 1.86 
19 5.73 9.46 7.58 
111 2.92 8.25 1.28 
0 
For treatment definition refer to Table 4.3.1. 
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The highest mean ratio of lactic acid to acetic acid was recorded for treatment 
SM (Table 4.3.4). The ratio recorded for C and M fluctuated during ensilage. 
At the end of the fermentation LM had the smallest lactic acid to acetic acid 
ratio. Traces of propionic acid were detected in treatments C and LM but not 
SM at the end of the fermentation. 
The amount of protein-nitrogen in the silages decreased during the whole 
preservation period (Table 4.3.3 and Figure 4.3.1). Overall treatment mean 
values for protein-nitrogen indicated that silage treated with SilCare II 
contained most. At the end of the ensilage SM contained more (P < 0.05) 
protein-nitrogen, 313.7 g kg -1 TN (Table 4.3.3) than LM 277.3 g kg' TN. Silage 
C contained the least protein-nitrogen at day 111 but not significantly less (P > 
0.05) then treatment LM. 
The ammonia-nitrogen content of each silage increased throughout the ensilage 
period but remained below 100 g kg' TN. After 48 h ensilage the highest and 
lowest ammonia-nitrogen contents were recorded for treatments SM and C 
respectively. However, the rate of increase in ammonia-nitrogen was greatest in 
both silages C and LM (Figure 4.3.1) which led to the herbage ensued with 
SilCare II having significantly less (P < 0.001) ammonia-nitrogen (Figure 4.3.1) 
than C or LM at the end of the fermentation. 
Overall, the ethanol contents of the silages throughout the preservation were 
low. On each sampling day the control and SM contained the most and the 
least amount of ethanol respectively. On sampling day 111 silage SM contained 
significantly less ethanol than either LM or C (P < 0.001). 
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4.3.3 Microbial changes during ensilage. 
The number of epiphytic LAB on the cocksfoot was 1.1 x 10 3 cfu g4 of herbage. 
The results suggested that over 99% of the detected LAB (members of the 
genus Lactobacillus, Pediococcus and Streptococcus) were streptococci. After 
inoculation of the herbage with Lactomol or SilCare lithe number of LAB 
increased to 1.3 x 10 and 6.0 x 104 cfu g' of herbage respectively, lower than 
the expected count of 3.8 x 10 5 and 1.1 x 10 cfu g' of herbage. The 
concentrations of epiphytic Enterobacteriaceae and yeasts were 1.9 x 10 - 
and 1.8 x 10 cfu g 1 of herbage respectively. 
The changes in the microbial composition of the silages throughout the 
fermentation are shown in Table 4.3.5 and Figure 4.3.2. During the first 48 h of 
ensilage the number of lactic acid bacteria in the control increased rapidly so 
that each treatment contained a similar number. Unlike on previous occasions 
the numbers of LAB continued to increase in each treatment after the initial 
48 h of ensilage. The highest number of LAB was recorded for LM after 19 d 
ensilage. By the end of the fermentation, 5silages LM and SM had the highestt 
and lowest number of LAB respectively. 
The number of enterobacteria increased in all the treatments during the first 
two d of ensilage. The greatest number of Enterobacteriaceae was recorded for 
treatment SM. However, after 19 d ensilage the Enterobacteriaceae were only 
detected in the control. On subsequent sampling days no enterobacteria were 
detected in any of the silages. No clostridia were found in any of the silages on 
any of the sampling days. 
The initial yeast count was low at 1.8 x 10 yeast g 1 of herbage. However, 
within two-d ensilage counts in excess of 10 5 yeasts g' of silage DM were 
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Table 4.3.5 Number of microorganisms of various groups (cfu g -' 
material) isolated from herbage ensiled with different treatments** 
over  hid period. 
Sample Microbial Treatment 
Day Group C LM SM 
o ENT 1.9 x 104 ND ND 
2 1.1x 106 1.3x 106 5.4x 106 
19 2.0x103 0 0 
111 0 0 0 
o LAC 6.6 ND ND 
and PED 
o LAB 1.1 x 103 1.3 x 105 6.0 x 104 
2 1.2x 107 1.4x 107 1.4x 10 
19 3.2 x 108 1.1 x 109 2.6 x 108 
111 1.4x108 5.1x108  1.1x107 
0 YST 1.8x108 ND ND 
2 3.4x 108 1.2x 108 6.5x 106 
19 1.0 x 103 2.3 x 101 0 
111 6.6 x 101 6 1.5 x io 
111 LAY 7.4x 101 6.6 1.5x 104 
KEY 
Microbial 	ENT 	 - Enterobacteriaceae. 
Group LAC and PED 	- Lactobacilli and pediococci. 
LAB 	 - Lactic acid bacteria. 
YST - Yeasts. 
LAY 	 - Lactate-assimilating yeasts. 
ND - Counts not determined. 
For treatment" definition refer to Table 4.1.3. 








Figure 4.3.2 Histogram representation of the number of microorganisms of 
various groups (cfn g' material) isolated from herbage ensued with different 
treatments, over 111 d period. 
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recorded for all treatments. On sampling day 19 the yeast counts had 
decreased and none was detected in SM. By the end of fermentation the 
number of yeasts detected for SM had increased to 1.5 x 10 g 1 of silage but was 
not greater than 1 x 1O yeasts g' silage DM. Lower yeast counts were recorded 
for silages C and LM. All the yeasts detected in the silages on day 111 were 
lactate assimilating. Silage LM contained the smallest number of yeasts at the 
end of the fermentation. A discrepancy occurred in the yeast results of the 
control on sampling day 111 as higher lactate-assimilating yeast counts were 
recorded than total yeast counts. 
4.3.4 Summary. 
At the end of the fermentation herbage ensued with SilCare II produced silage 
with the lowest pH, lowest ammonia-nitrogen, ethanol and acetic acid contents, 
no butyric or propionic acids, and the highest WSC and protein-nitrogen 
contents. In addition, silage SM contained no enterobacteria and had low LAB 
counts after 111 d ensilage. Silage LM contained fewer yeasts than SM at the 
end of the ensilage period, however, the level in SM was low. It can therefore 
be concluded that within this experiment SilCare II was a more effective 
additive than Lactomol, when both were applied to a grass with a low sugar 
content. 
4.4 Discussion. 
The total number of epiphytic LAB on the untreated herbage was expected to 
be in the range of 1.0 x 102  to 10 g-1 of herbage as previously discussed in 
section 1.8 (Ely et al., 1981; Keddie, 1959; Kroulik et al., 1955b; McDonald et 
al., 1965; Moon et al., 1981; Nilsson and Nilsson, 1956; Stirling, 1953; Stirling 
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and Whittenbury, 1968). The level of epiphytic LAB on the perennial ryegrass 
was high at 1.8 x 106  cfu g-1 herbage, whereas lower counts were recorded for 
the lucerne and cocksfoot, 1.8 x 10 3 and 1.1 x 103 cfu g- ' of herbage respectively. 
In all three studies the majority of the epiphytic LAB tested were streptococci. 
This was expected as these microorganisms, with the Leuconostocs, usually 
dominate the initial stages of the fermentation, followed by the Pediococcus spp. 
and finally the slower growing high acid-producing Lactobacillus spp. (Langston 
et al., 1962; Moon, 1981; Moon et al., 1981; Orla-Jensen et al., 1947; 
Woolford, 1984) which cause the pH of the silage to fall to approximately 4.0 
(Whittenbury, 1968). 
The inoculant level of Lactomol on the perennial ryegrass was only slightly 
higher (1.8 x 105 cfu g-1 of herbage) than the manufacturer's specified level of 
1.0 x 105 cfu g-' of herbage. The inoculant level applied to the herbage treated 
with SilCare was lower than Lactomol at 4.4 x 10 4 cfu g- ' of herbage. Usually 
the epiphytic LAB count was recorded from the control herbage. The epiphytic 
LAB count on the perennial ryegrass was rechecked as the count was higher 
than expected and the numbers recorded on the bacterial inoculated herbage 
were less than the control. The epiphytic LAB concentration on the bacterial 
inoculated herbage was established by subtracting the expected concentration of 
inoculant from the actual recorded concentration of LAB g -1 of herbage. This 
calculation indicated that the epiphytic LAB concentration on the perennial 
ryegrass would have been approximately 4.2 x 105 cfu g-1 of herbage. Although 
the calculated epiphytic LAB concentrations for LM, SM and S were lower than 
the recorded level it was still higher than would normally have been expected. 
This may have been due to the time of year as Lindgren et al. (1983) noticed 
that LAB counts were higher in mid July compared to the rest of the year. 
Lactomol-treated cocksfoot had a lower LAB concentration than expected, 
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possibly due to the difficulty of mixing the inoculant evenly with molasses but 
otherwise counts were as expected. All three herbages had high 
Enterobacteriaceae and low yeast counts. 
There was a rapid increase in the number of LAB recorded after the first 48 h 
in all the treatments within each section. Maximum LAB levels were recorded 
in the herbage after 48 h for perennial tyegrass and lucerne and after 19 d for 
cocksfoot. The increase in LAB counts, particularly in the inoculated silages 
was accompanied by a fall in the pH and combined WSC content, and a rise in 
the lactic acid content of the silages. Scale et al. (1981) observed a rapid fall in 
the WSC content which was mirrored by an increase in lactic acid. These 
results were expected as the LAB utilize the WSC as an energy source for 
growth and lactic acid production which causes a fall in pH (Bryan-Jones, 1969; 
Gibbs et al., 1950; Whittenbury, 1968; Wood, 1961). 
The buffering capacity of a crop is a measure of its resistance to change in pH 
(McDonald, 1981). In section 4.1 the ensiled perennial ryegrass had a slightly 
lower buffering capacity (348 mequiv kg -1 DM) than that recorded by Playne 
and McDonald (1966) for pre-flowering perennial ryegrass (386 mequiv kg -1 
DM). A higher buffering capacity might have been expected as the herbage had 
a low DM and a high total-nitrogen content (Haigh, 1988). Lucerne was chosen 
for the ensilage study in section 4.2 because it is a legume and as such has a low 
sugar content and high buffering capacity when compared to grasses (Watson 
and Nash, 1960; McDonald and Henderson, 1962). This makes it more difficult 
to obtain a good fermentation with lucerne and enables a clearer comparison to 
be made of the effectiveness of the various treatments. 
The difficulties encountered in ensiling leguminous crops has been attributed 
not only to their high buffering capacity but also to their high protein content 
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(Nilsson and Nilsson, 1956). Playne and McDonald (1966) estimated that plant 
proteins caused 10-20% of the total buffering capacity. Reid (1987), on the 
other hand, suggested that the low soluble sugar of lucerne was the reason for 
the ensuing difficulties. The buffering capacity of the lucerne used in section 4.2 
was 511 mequiv kg-' DM (Table 4.2.2) which was lower than that recorded by 
Playne and McDonald (1966) for flowering red clover (Trifolium pratense) (617 
mequiv kg- ' DM) but similar to that for pre-flowering white clover (512 mequiv 
kg-' DM). Buffering capacities of 390, 470, 520 and 570 mequiv kg - ' DM have 
been recorded by other workers for lucerne (Carpintero et al., 1969; Ohshima 
et al., 1979). The cocksfoot ensued had a lower buffering capacity (340 mequiv 
kg-' DM) than that recorded by Playne and McDonald (1966) for the same crop 
(253 mequiv kg-' DM). Several studies have shown that the buffering capacity 
of herbage increases during ensilage (McDonald and Henderson, 1962; Nilsson, 
1956). A larger quantity of lactic-acid is therefore required to reduce the pH of 
a legume compared to a grass. 
The quality of the silages produced in each section was good considering the 
herbage ensued had a low DM and a WSC content below the 25-30 g kg -1 FM 
recommended for successful preservation (Haigh and Parker, 1985). 
After 48 h the control and molasses-treatments in each section had similar 
numbers of LAB to the inoculated treatments and experienced a fall in WSC 
but the pH was not reduced to the same extent. This indicated that although 
the majority of the epiphytic LAB initially detected in these treatments were 
streptococci they were later out-numbered by the heterofermentative LAB 
(Keddie, 1959). The growth of the indigenous LAB had been stimulated to the 
same extent as the inoculant LAB but due to their less efficient acid-producing 
ability they were unable to produce sufficient lactic acid to reduce the pH to an 
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equivalent level (Beck, 1978). The heterofermentative LAB also produce acetic 
acid and ethanol (Henderson et al., 1972; McDonald, 1981; McDonald and 
Whittenbury, 1973; Woolford, 1984) which was reflected in the fermentation 
products of the control and molasses only-treated perennial ryegrass and 
lucerne silages. In the control and uninoculated molasses-treatments increased 
amounts of acetic acid and ethanol, and less lactic acid were recorded compared 
to herbage treated with inoculated molasses thus accounting for the higher pH 
values recorded on later sampling days. 
A comparison between silages treated with or without molasses suggested that 
the addition of molasses was beneficial to the fermentation, as it allowed more 
available energy for the growth and subsequent acid production by the LAB. 
These results confirm the findings of other studies that the addition of an extra 
carbohydrate source promotes a lactic fermentation and assists pH decline 
(Buchanan-Smith and Yao, 1981; McDonald et al., 1964; 1965). Other studies 
using higher application rates of molasses have shown beneficial effects of 
ensuing legumes with molasses (McCullough and Neville, 1960). Carpintero et 
al. (1969) found that the addition of molasses to lucerne resulted in silage with a 
higher quantity of lactic acid compared to the untreated control. The addition 
of molasses to herbage, however, may not be sufficient to ensure a satisfactory 
fermentation. Although enough available carbohydrate might be present, the 
pH may not be lowered to an acceptable level due to the indigenous 
heterofermentative LAB (Seale, 1986; Seale et al., 1986; Wieringa and Beck, 
1964; Woolford, 1984). The use of an extra carbohydrate source could be 
disadvantageous as it encourages the growth of both the inoculant and epiphytic 
LAB (Whittenbury, 1968). This was observed in the molasses-only treated 
perennial ryegrass and lucerne, where after 48 h ensilage the growth of the 
epiphytic LAB was stimulated to the same extent as the LAB in the inoculant 
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and molasses-treated silage but the pH was not reduced to the same level. Only 
the lucerne 'treated with BM caused a significant (P < 0.05) reduction in the 
pH. 
It is essential that bacterial inoculants contain a sufficient number of 
homofermentative LAB to suppress the growth of the Enterobacteriaceae and 
clostridia, and dominate the heterofermentative epiphytic LAB. Domination of 
the heterofermentative epiphytic LAB is essential to maximise the efficiency of 
conversion of fermentable WSC to lactic acid. Investigations have usually 
proved the benefits of adding both an efficient inoculant containing sufficient 
homofermentative LAB to dominate the fermentation and a carbohydrate 
source (Carpintero et al., 1979; Lesins and Schulz, 1968; Lindgren et al., 1983; 
McDonald et al., 1983; Ohyama et al., 1971; 1975b). Results from the 
perennial ryegrass and cocksfoot silages indicated that Lactomol and various 
SilCare inoculants, contained a sufficient number of homofermentative LAB to 
dominate the epiphytic heterofermentative LAB thus allowing a more efficient 
conversion of fermentable WSC to lactic acid. Woolford (1984) stated that no 
inoculum, however efficient, would give a favourable result if the herbage was 
low or devoid of fermentable substrate at the outset. In the SilCare-treated 
silage made from perennial ryegrass and lucerne the fermentation was 
improved further by the addition of molasses. Silage additives should therefore 
contain a sufficient number of high acid-producing homofermentative LAB with 
an energy source for growth and acid-production (Henderson and McDonald, 
1984; Ohyamaetal., 1975b). 
The combination of L. plantarum with pediococci and streptococci strains has 
been discussed in section 1.13.2. McDonald (1981) suggested that the addition 
of E. faecalls to an inoculum of L. plantarum would aid the initial decrease in 
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the pH value of the silage. Bryan-Jones (1969) agreed with this combination as 
E. faecalis grows faster under aerobic conditions producing acid, so reducing the 
pH and making conditions more favourable for the growth L. plantarum. 
Investigations carried out by Lindgren et al. (1983) showed good co-operation 
between pediococci and lactobacilli. They compared the ensilage of grass/red 
clover with P. acidilactici and L. plantarum which resulted in increased lactic 
acid production and a faster fall in pH. As described, lucerne was ensiled with 
different ratios of L. plantarum to P. pentosaceus cells. Treatment AM 
compared to BM had a greater ratio of P. pentosaceus to L. plantarum cells and 
was therefore expected to create conditions favouring the earlier growth of 
L. plantarum; thus resulting in a more efficient fermentation. However, this 
was not the case as a significantly lower pH was not recorded. A comparison of 
silages AM with BM showed that the latter had a lower ammonia-nitrogen 
content, lower pH, more protein-nitrogen and fewer LAB at the end of the 
fermentation. This indicated that, although the two treatments were not 
significantly different from each other, a larger number of L. plantarum cells in 
the inoculant improved the fermentation of lucerne more than did a larger 
number of pediococci cells. 
Perennial ryegrass treated with Lactomol had a lower concentration of LAB 9 4 
of herbage after 48 h ensilage than that recorded for herbage treated with 
SilCare, with or without molasses. This result was unexpected as SilCare was 
applied at a lower inoculant rate than Lactomol, 4.4 x 10 and 1.8 x 10 LAB g -1 
of herbage respectively. The higher LAB concentration recorded for SilCare is 
thought to be due to the fact that P. penrosaceus P826 in SilCare has a shorter 
mean generation time than P. acidilactici Pd2i present in Lactomol, 44 and 52 
min respectively (Table 3.2.3). This would result in conditions favouring the 
growth of L. plantarum being reached sooner in herbage treated with SilCare 
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compared to herbage treated with Lactomol. 
The change in the number of LAB throughout the ensilage period followed the 
same pattern demonstrated by other workers who have shown that maximum 
counts of approximately 1 x 10 cfu g' of silage are reached after two to four d 
ensilage followed by a slow decline (Di Menna et al., 1981; Ely et al., 1981; 
Gibson et al., 1961; Lindgren et al., 1983; Moon et al., 1981; Seale et al., 1981; 
Stirling, 1951; Weinberg et al., 1988). Reduction in the number of LAB is 
desirable once the pH has reached a stable level of approximately 4.0 as 
otherwise unnecessary utilization of the WSC in the silage may occur. High 
LAB counts in the later stages of ensilage are generally associated with poorly 
preserved silages (Seale et al., 1981). In each section the rate of fall of LAB 
counts was more rapid in the bacterial inoculated silages compared to the 
control and molasses-only treatments. The number of LAB fell quickest in the 
perennial ryegrass and cocksfoot silages treated with SilCare compared to 
Lactomol. This resulted in a reduction in the rate of WSC utilization and lactic 
acid levels remaining high for the rest of the ensilage period. Lucerne ensiled 
with treatments AM and BM had the greater rate of decrease in LAB counts 
than other treatments. The highest WSC content and the lowest number of 
LAB was recorded for BM. In those silages where the LAB counts remained 
high the WSC content continued to fall. At the end of the ensilage period 
herbage ensiled with SilCare and molasses contained the lowest counts of LAB 
and the highest WSC content. As discussed (section 2.4) molasses has a WSC 
content of 688 g kg -1 DM. A high WSC level in the silage at the end of the 
ensilage period is advantageous as it allows a greater amount of readily 
available energy to enter the rumen of animals for utilization by the rumen 
bacteria. 
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In each section the residual WSC, lactic acid and acetic acid exceeded what 
could be produced from the WSC in the original herbage. This could be 
accounted for, in part at least, by hydrolysis by plant enzymes and acid 
hydrolysis of hemicelluloses (Carpintero et al., 1969; Dewar et al., 1963; 
Morrison, 1979) producing the additional sugar. A breakdown of up to 40% of 
the hemicellulose has been recorded during ensilage (A. R. Henderson pers. 
comm.). 
Analysis of the silages for undesirable microorganisms, such as members of the 
family Enterobacteriaceae and the genus Clostridium, indicated that in all 
silages only Enterobacteriaceae were present. Enterobacteriaceae compete 
with the LAB for any available WSC which they metabolize to mainly acetic 
acid, although they also produce lactic, formic and succinic acids, ethanol and 
2,3-butanediol (McDonald, 1981; Wood, 1961). Enterobacteriaceae are also 
partially responsible for the production of ammonia-nitrogen (Beck, 1978; 
Woolford, 1984). In each section silages with high acetic acid levels also had 
high Enterobacteriaceae counts. This pattern particularly occurred in the 
control and molasses-only treated silages. 
As discussed (section 1.3) silages with high acetic acid levels are undesirable as 
they contain little or no energy value for the rumen microorganisms and render 
silage unpalatable. Assuming there was little or no acetic acid in the herbage 
ensued, the greatest increase in the acetic acid content during ensilage was 
recorded in the first few days of ensilage when the highest bacterial activity 
belonging to the Enterobacteriaceae was expected (Spoelstra, 1983). In the 
control and molasses-only treatments heterofermentative LAB may also have 
been responsible for acetic acid production The acetic acid levels of all the 
silages increased during the ensilage period, with the smallest increases being 
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observed in silages treated with the SilCare and molasses. Results indicated 
that the production of acetic acid in cocksfoot silages was possibly due to the 
conversion of lactic acid rather than WSC because the WSC level remained 
similar while the lactic acid level fell. Lindgren et al. (1990) reported that LAB 
were capable of converting lactic acid to acetic acid when WSC levels were low. 
Studies have found that the addition of a homofermentative inoculant to 
herbage can lead to a reduction in the amount of acetic acid detected in the 
silage (Heron, 1985; Seale et al., 1982) possibly due to the fact that 
homofermentative LAB dominated the fermentation and only produce lactic 
acid from hexose sugars. 
A reduction in the silage pH to 4.2 or less has been suggested as necessary for 
the successful preservation of silage (Carpintero et al., 1969; Wieringa, 1966). 
Enterobacteriaceae have an optimum growth pH of approximately 7.0 
(McDonald, 1981) and they are inhibited by low pH conditions (Lindgren, 
1985a; 1988) and consequently persist longer in silages with relatively higher 
values. The rate of lactic acid production from the WSC and subsequent 
reduction in the pH is therefore vital for the inhibition of Enterobacteriaceae: 
the results reflected this. In perennial ryegrass silages the pH fell significantly 
within the first 48 h of ensilage and was accompanied by a decrease in the 
number of Enterobacteriaceae. In the untreated control silages, the pH was not 
reduced to the same extent as in the other treatments and an increase in 
Enterobacteriaceae counts was initially experienced; although on subsequent 
sampling days none was detected. In the lucerne silages the pH of the untreated 
control did not fall below pH 5.0 on any of the sampling days and consequently 
the Enterobacteriaceae persisted throughout the fermentation. Only in AM and 
BM were reductions in the number of Enterobacteriaceae recorded. In the 
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silages made from cocksfoot, as the pH reduction was delayed until after the 
first 48 h of ensilage, the Enterobacteriaceae counts increased even in the 
inoculated herbage and persisted longer in the control. Overall, the results 
indicated that SilCare was more efficient at reducing the Enterobacteriaceae 
numbers when in the presence of molasses, and that there was little difference 
between the efficiency of SilCare II and Lactomol in inhibiting 
Enterobacteriaceae but there was in inhibiting acetic acid production. 
McDonald and Henderson (1962) suggested that if lactic acid production 
occurred almost immediately then a lactic acid content of 30-50 g kg -' DM 
should theoretically be capable of preserving herbage at the pH 4.0 level. They 
found that this did not occur in practice and suggested that chemical changes 
which increase the buffering capacity take place during the early stages of the 
fermentation process. The same effect was observed in silages after 48 h in 
sections 4.1 and 4.2, and after 19 d in section 4.3. Although the lactic acid 
content of all the treatments in each section was greater than 50 g kg -' DM the 
pH was not reduced to 4.0 or below. The success of a silage fermentation 
depends on the rate of lactic acid production being great enough to compensate 
for any increase in buffering capacity during ensilage (Greenhill, 1964a). At the 
end of the ensilage period the lucerne treated with B and the perennial ryegrass 
treated with M contained the same amount of lactic acid, 122 g kg -' DM, but 
due to the higher buffering capacity of the lucerne the pH was not reduced to 
the same extent. Although, a lower lactic acid content (99 g kg -1 DM) was 
recorded for cocksfoot treated with SM than for the lucerne treated with AM 
(132 g kg- ' DM) a lower pH level was recorded for the former, due to the higher 
buffering capacity of the lucerne. 
Protein-nitrogen and amino-acids like other soluble nitrogenous compounds e.g. 
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peptides can undergo the process of proteolysis and/or deamination in the 
rumen to form ammonia-nitrogen. The presence of large quantities of 
ammonia-nitrogen in the rumen, either due to Enterobacteriaceae and 
clostridial activity in the silage or deamination of amino acids in the rumen, can 
lead to poor nitrogen utilization (Valentine and Brown, 1973) and a reduction 
in the nutritional value of the silage (Gibson, 1965; Gibson et al., 1958; 
McDonald, 1981; Seale et al., 1982; Whittenbury, 1968; Woolford, 1984). 
McDonald et al. (1988) found that excess ammonia-nitrogen was converted to 
urea (discussed in section 1.2.1). It follows, therefore, that the sooner the 
growth of the deleterious bacteria is inhibited the more efficient will be the 
nitrogen utilization and the better will be the nutritional value of the silage. 
Initially, the protein-nitrogen levels in all the silages for each section fell rapidly 
in the first few days of ensilage. Extensive protein breakdown in the very early 
stages has been attributed to the activities of plant proteases with subsequent 
amino acid degradation occurring as a result of the activities of 
Enterobacteriaceae and clostridia (Beck, 1978; Kemble, 1956; MacPherson, 
1952; Ohshima and McDonald, 1978; Woolford, 1984). Findings from other 
studies (Carpintero et al., 1979; McDonald and Edwards, 1976; Ohshima and 
McDonald, 1978) have shown that the extent of proteolysis occurring within a 
silage is related to the rate of pH fall during fermentation. Results from these 
experiments suggested that the sooner the pH decreased the quicker the rate of 
proteolysis was reduced. Other studies have shown the addition of carbohydrate 
with an inoculant to be beneficial in restricting proteolysis, particularly when the 
original herbage contains a low WSC level (Carpintero et al., 1979; Lanigan, 
1961; Ohyamaetal., 1973b). 
A comparison of the protein-nitrogen contents of the silages in each section 
202 
showed that after 48 h silages treated with Lactomol or SilCare (with or without 
molasses) had the highest protein-nitrogen content; except with lucerne where 
initially the control and molasses only-treatment had the highest protein-
nitrogen levels. By the end of the ensilage period, lucerne treated with SilCare, 
in the presence or absence of molasses, contained more protein-nitrogen than 
the control or molasses only-treatments. On the final sampling day, both 
perennial ryegrass and cocksfoot SilCare-treated silages had the highest protein-
nitrogen level which was significantly higher than that recorded for the 
Lactomol-treated silage. The SilCare treated-silage, in both section 4.1 and 4.2, 
showed that the addition of molasses with the inoculant did not result in 
significantly higher protein-nitrogen levels. On the final sampling day perennial 
ryegrass treated with SilCare-only contained significantly more protein-nitrogen 
than the molasses only-treated silage. This result suggested that the use of a 
bacterial inoculant was more important in preventing proteolysis than the 
addition of carbohydrate to the herbage. The treatment of perennial ryegrass 
with both an inoculant and molasses reduced the rate of proteolysis more 
rapidly in the early stages of ensilage and had beneficial effects in that slightly 
more protein-nitrogen remained in the silage at the end of the fermentation. 
Results from the ensilage of lucerne with SilCare II suggested that the silage 
should be more efficiently utilized than Lactomol-treated silage. 
Proteolysis is accompanied by an increase in ammonia-nitrogen levels (Beck, 
1978; Woolford, 1984) possibly from amino acid degradation by clostridia and 
Enterobacteriaceae (Ohshima and McDonald, 1978). A comparison of the 
ammonia-nitrogen and protein-nitrogen contents in each experiment showed 
that they were inversely proportional to each other throughout the ensilage 
period. As discussed in section 1.2.1 ammonia-nitrogen production is usually 
attributed to the action of proteolytic clostridia rather than the members of the 
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Enterobacteriaceae family but there is evidence to suggest their involvement in 
this process (Henderson et al., 1987a; Lindgren et al., 1988). In these 
experiments the presence of ammonia-nitrogen was possibly caused by 
Enterobacteriaceae as no clostridia were detected in any of the silages in each 
section throughout the ensilage period. Results obtained in these ensilage. 
studies showed that herbage ensued without a bacterial inoculant (C and M) 
contained the highest ammonia-nitrogen levels and the highest 
Enterobacteriaceae counts. Ammonia-nitrogen was present in the largest 
quantity in those silages with a relatively high pH value, where the 
Enterobacteriaceae persisted. 
Throughout the ensilage period the ammonia-nitrogen content of the silages 
increased. An ammonia-nitrogen value of less than 80-100 g kg -' TN is 
commonly accepted as an indication that a silage is well-preserved (Carpintero 
et al., 1969; Haigh and Hopkins, 1977; Wieringa, 1966). Haigh and Hopkins 
(1977) suggested that silage of a medium or poor fermentation quality would 
have an ammonia-nitrogen level of 100-150 g kg -1 TN or more than 150 g kg -' 
TN respectively. The amount at the end of the fermentation of ammonia-
nitrogen in each silage made from perennial iyegrass was less than 70 g kg - ' TN 
suggesting that all the silages were well-preserved. The ammonia-nitrogen 
levels of cocksfoot silages treated with LM and SM also indicated they were 
well-preserved; SM contained significantly less (P < 0.001) ammonia-nitrogen 
than LM. On the other hand, the ammonia-nitrogen levels recorded for the 
lucerne silages indicated that only AM and BM were well-preserved; the 
highest ammonia-nitrogen level recorded was for the untreated control. 
The role of yeasts in silage is undesirable and has been discussed in detail in 
section 1.10. During the initial stages of ensilage the number of yeasts increased 
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in all silages in each section, except the lucerne silages, possibly due to the 
presence of oxygen and an available energy source in the form of WSC. These 
results are in agreement with Hunter (1918) who showed that the development 
of yeasts and coliforms coincided and occurred in the first few days of ensilage. 
After 48 h of ensilage the number of yeasts recorded for each cocksfoot silage 
was above the critical level of 1 x 10 5 organisms g 1 DM herbage stated by 
Daniel et al. (1970) at which aerobic deterioration may be a problem. The silos 
were not exposed to air at this stage of the fermentation and therefore no 
adverse effects occurred. Seale et al. (1981) observed a rapid decline in 
coliform and yeast counts from day 0 and they had virtually disappeared by day 
6. In all the silages in each section anaerobic conditions would have been 
achieved by day 2. The presence of high yeast counts particularly in silages 
made from perennial ryegrass and cocksfoot suggested that the majority of the 
yeasts were facultative anaerobes. A decrease in the number of yeasts was 
observed after further ensilage which may be attributed to the accumulation of 
fermentation acids e.g. acetic acid (Beck, 1978; Middelhoven and Frazen, 
1986). The number of yeasts possibly declined due to the increasing 
concentration of lactic acid in the silage, rather than the low pH which they can 
tolerate (Jonsson and Pahiow, 1984). 
Under anaerobic conditions yeasts ferment WSC to mainly ethanol, and small 
amounts of acetic and lactic acids (Kibe and Kagura, 1976; Kibe et al., 1979; 
Woolford, 1976). The ethanol levels in all the silages in each section were low. 
Ethanol levels of 25-50 g kg' DM have been recorded in some farm silages 
(A. R. Henderson pers. comm.). Higher ethanol levels were expected in those 
silages with the higher yeast counts. In each section the control silages had the 
highest ethanol levels at the end of the ensilage but not necessarily the highest 
yeast counts. At the end of the fermentation perennial ryegrass and cocksfoot 
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treated with S and SM respectively had the largest yeast count but this was not 
reflected in the ethanol levels. These results suggested that another factor may 
be influencing the ethanol level in the silage. Enterobacteriaceae are known to 
produce ethanol (S. J. E. Heron per. comm.) and proliferate particularly in 
relatively high pH silages (Lindgren et al., 1985a; 1988; McDonald, 1981). A 
slight rise in the ethanol and acetic acid levels between sampling day 49 and 
110 recorded for perennial iyegrass treated with SilCare-only may have been 
due to the large increase in yeast numbers. Prior to this Enterobacteriaceae 
activity possibly accounted for the ethanol and acetic acid contents of the 
silages. 
As the lactic acid levels peak, the selection pressure gives rise to a 
predominance of acidophilic or lactate-assimilating yeasts as discussed in section 
1.9 (Burmeister and Hartmen, 1966; Burmeister et at., 1966). Growth of the 
lactate-assimilating yeasts is limited by the availability of oxygen which is 
required for the metabolism of lactate. The lactate-assimilating yeasts 
dominate towards the end of the ensilage period and the number of bottom-
growing or sedimentary yeasts declines (discussed in section 1.9). On the final 
sampling day the majority of the yeasts detected in all the silages from each 
section utilized lactate. As discussed (section 1.10) lactate-assimilating yeasts 
are partially responsible for the aerobic deterioration of silage (Jonsson and 
Pahiow, 1984; Pahiow, 1982;). The critical level proposed by Daniel et at. 
(1970) was modified to specify that aerobic deterioration would occur only if all 
the yeasts were lactate-assimilating (Jonsson and Pahiow, 1984; Pahlow, 1982). 
Fewer yeasts were detected in perennial ryegrass and cocksfoot silages treated 
with Lactomol than with those silages treated with SilCare and molasses. Gross 
and Beck (1970) noted that silages with high residual carbohydrate contents 
were particularly prone to deterioration on exposure to air. Of all silages only 
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perennial ryegrass treated with S would possibly be prone to deterioration by 
the lactate-assimilating yeasts on exposure to air due to the large number 
detected and the relatively high sugar content. It is highly unlikely that any of 
the lucerne silages would deteriorate as the lactate-assimilating yeast counts 
were very low or non-existent. No reduction in lactate levels were observed 
towards the end of the fermentation in any of the silages from each ection, 
except LM in the cocksfoot silages, as utilization of this substrate would not 
occur until the silages were exposed to air, allowing the lactate-assimilating 
yeasts to metabolize it. 
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CHAPTER FIVE 
STUDIES ON THE EFFICIENCY OF ENSILAGE 
OF FREEZE-DRIED SILCARE IN 
LABORATORY SCALE SILOS. 
5.0 Introduction. 
A more accurate comparison of the ensilage capabilities of SilCare II and 
Lactomol could be carried out if they were both in the same physiological state. 
The constituent cultures of SilCare II were freeze-dried in the presence of 
different media to establish which offered the greatest protection. The ensilage 
capabilities of the different freeze-dried forms of SilCare II were then 
compared against each other and Lactomol. Finally, increasing inoculation 
rates of freeze-dried SilCare II were applied to herbage to establish which 
caused the greatest improvement in the fermentation of herbage. 
5.1 Stabilizing freeze-dried SilCare II inoculants. 
Lactic acid bacteria have been commercially exploited as silage inoculants due 
to the development of new production processes and freeze-drying techniques 
which have allowed them to be prepared in bulk and stored in a viable form 
thus reducing their cost (Henderson and McDonald, 1984). SilCare Ills a broth 
preparation whereas Lactomol is a freeze-dried powder. A more accurate 
comparison of the ensilage capabilities of the two inoculants could be achieved 
if they were both in the same physiological state. For this reason it was decided 
that SilCare II should be freeze-dried. 
Freeze-drying is a process whereby the organisms are initially frozen and then 
the water is removed by sublimation from the ice as vapour. The suspensions 
are not in the liquid state and this preserves the structure and prevents damage. 
Freeze-drying can cause damage to the bacterial cell surface which may possibly 
result in the loss of its selective permeability (Morichi, 1970). It is generally 
recognised that the use of a suspending medium during the freeze-drying of 
bacteria is important as regards survival of the organisms during the process, 
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due to the reduction in cell damage, and in minimizing the death rate of the 
dried organisms during storage. Webb (1965) proposed the hypothesis that 
protective solutes may stabilize the conformation of cellular constituents in 
place of bound water in the process of dehydration and this was later confirmed 
by the results of Morichi (1970). It is essential that the protective compounds 
have a strong affinity to both water and the bacterial cells to be effective 
(Morichi, 1970). Proom and Hemmons (1949) stated that the survival rate of 
freeze-dried organisms was not improved by the addition of protective medium 
but other workers from the results of their studies disagreed with this (Fry and 
Greaves, 1951). DamjanoviE and Radulovi (1967) showed that the survival 
rate of freeze-dried L. bifidus could be influenced by the composition of the 
suspension fluid. L. bifidus was freeze-dried in the presence of sodium chloride; 
various concentratioUsof skimmed milk'  plus gelatin; sucrose plus 
skimmed milk; and sucrose plus skimmed milk plus gelatin. The maximum 
percentage survival rates obtained by freeze-drying the culture in these 
protective media were for: 
8% sucrose plus 5% skimmed milk, 44.9% 
8% sucrose plus 1.5 % gelatin, 85.5% 
8% sucrose plus 1.5% gelatine plus 5% skimmed milk, 99%. 
Sugars, amino acids, polyols and polymers have long been used as protective 
substances in the freezing of cultures (Nei, 1964). Leschinskaya (1947) applied 
this technique to the process of freeze-drying by preparing dried BCG vaccine 
in the presence of glucose. Since then a variety of sugars, usually glucose, 
lactose and sucrose has been used successfully as protective solutes 
(Damjanovi and Radulovi6, 1968; Fry and Greaves, 1951; Morichi, 1970; 
Redway and Lapage, 1974). Greaves (1964) stated that the most important 
constituent of any protective medium was the carbohydrate component and, 
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amongst various sugars, sucrose proved to be the most satisfactory. The amount 
of protective activity varies with different groups of carbohydrates; 
disaccharides (e.g. sucrose) and aldohexoses (e.g. glucose) protect organisms 
more successfully than pentoses (e.g. ribose) (Morichi, 1970). However, work 
has shown there to be no differences in the protection conveyed during freeze-
drying by five different disaccharides. This indicated that the orientation of the 
hydroxyl groups on the lactol ring structure of the sugar molecule had no 
influence on the protective activities of the carbohydrate (Morichi, 1970). It 
was suggested that for sugars to provide adequate protection they would require 
the presence of more than five hydroxyl groups (Morichi, 1970) and have the 
ability to form hydrogen-bonds (Mazur, 1966; Nash, 1962). The protective 
qualities of glucose and certain other sugars have been shown to be associated 
with their ability to retain automatically approximately 1% of the water content 
of the cell (Lapage et al., 1970). The percentage of cells surviving freeze-drying 
decreases as the amount of residual water in the cells is reduced (Nei, 1964; 
Nei et al., 1965; 1966). The water remaining in the cell following sublimation is 
therefore important in determining cell viability during the process of freeze-
drying (Nei, 1964; Nei et al., 1966). A reason for the reduction in viability as 
the water content of the cell decreases may be that the removal of the most 
firmly held water molecules results in loss of stability (Scott, 1958). 
The concentration of carbohydrate used within the protective medium can 
affect the degree of protective action. Fry and Greaves (1951) observed that as 
the concentration of sucrose was increased to 50% it was accompanied by a 
steady increase in the survival rate of microorganisms immediately after freeze-
drying. If the concentration of sucrose exceeded 50%, the survival rate after 
freeze-drying decreased. However, the long term survival of microorganisms 
was increased if the sucrose level was reduced from 50% to between 5 and 20%. 
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To ensure long-term viability low sucrose concentrations are therefore 
recommended. In addition, the concentration of the culture in the protective 
medium can influence the success of the freeze-drying process as regards 
culture viability. Fry and Greaves (1951) found that the survival rate was 
slightly higher in weaker culture suspensions. The same effect was noted by 
Stamp (1947) but was explained by the possibility that growth may have 
occurred during the relatively slow freeze-drying process. Results from studies 
by Damjanovi(and Radulovi6(1967) showed the opposite effect as the survival 
rate improved steadily as the culture concentration in the protective medium 
was increased to 1 x 109 cfu ml-1 . In general, studies on the viability of freeze-
dried cultures have been carried out using cell concentrations in the range of 1 x 
108 or 109 cfu ml -' (Damjanoviand Radulovi6, 1968; Morichi, 1970; Redway 
and Lapage, 1974; Scott, 1958). 
The oldest protective medium used for freeze-drying bacteria is skimmed milk 
(Heckley, 1961). The following have also been used as protective media; horse 
serum, haemoglobin, albumin, aqueous gelatin and water (Damjanovi and 
Radulovic; 1967; 1968; Fry and Greaves, 1951; Nei et al., 1965; Redway and 
Lapage, 1974; Scott, 1958). Skimmed milk, either single or double strength, is 
usually less effective at protecting bacteria than glucose serum although both 
have the same general properties and can be successfully used with a wide range 
of bacteria and actinomycetes. Skimmed milk has two major advantages over 
serum-containing fluids in that it is heat sterilizable (Lapage et al., 1970) and 
relatively cheap. 
The aim of this experiment was to establish which protective medium was most 
suitable for use during the freeze-drying of the constituent cultures of SilCare II. 
As SilCare II was intended for use in a commercial environment, the protective 
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media were all chosen with particular regard to their preparation, components 
and cost. A study was carried out to determine whether MRS broth or 10% 
(w/v) rehydrated skimmed milk, in the absence or presence of sucrose (10% 
w/v), improved the viability of L. plantarum L71 and P. pentosaceus P826 during 
the freeze-drying process and long-term storage. Skimmed milk was used as it 
has been found to be successful in the freeze-drying of Lactobacillus spp. 
(Damjanovi and Radu1ovi, 1967; 1968) whilst the addition of sucrose has 
been shown to enhance the protective nature of a medium (Greaves, 1964). 
The procedures used for the freeze-drying and the preparation of the protective 
media are described in section 2.2.6. Storage and determination of culture 
concentration are described in sections 2.2.7 and 2.2.5. The stability of the 
freeze-dried cultures in the different suspension media was determined by 
storage at 4°C and 30°C. It was assumed that the survival rate at elevated 
temperatures indicated the likely survival rate at lower storage temperatures 
(Damjanovi and Radulovi6, 1968; Greiff and Rightsel, 1965). For the long-
term storage study numbers of microorganisms are reported as the logarithms of 
the arithmetic means of counts from triplicate ampoules. Survival during the 
process of freeze-drying was expressed as a percentage of the original viable 
count. Culture concentration was assessed before and immediately after freeze-
drying. Thereafter, counts were carried out after various time intervals: 28, 91, 
168 and 308 d. 
5.1.1 Results and Discussion. 
Table 5.1.1 shows the percentage survival of cells in the cultures L. plantarum 
L71 and P. pentosaceus P826 immediately after the process of freeze-drying. 
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The results of the viability of the cultures during the long-term storage at 4°C 
and 300C  are shown in Figures 5.1.1, 5.1.2, 5.1.3 and 5.1.4. 
Table 5.1.1 Percentage survival of cultures L. plantarum L71 and 









L71 35.3 30.2 2.5 
P826 41.2 47.7 22.2 
Survival, during freeze-drying, of the cultures L71 and P826 was increased if 
SM, with and without sucrose, was used instead of MRS broth as the protective 
medium. The results showed that the percentage survival rate of each culture 
when freeze-dried with SM, in the presence or absence of sucrose, was very 
similar. Cells of strains L71 and P826 had the highest percentage survival when 
freeze-dried in SM (35.3%) and SM with sucrose (47.7%) respectively. These 
values were similar to the percentage survival reported by Damjanovi and 
Radulovi (1967) when Lactobacillus bzfidus was freeze-dried with similar 
protective media; 5% SM (20%), and 8% sucrose and 5% SM (44.9%). 
The counts of cells after various times of storage at 4°C were variable (Figures 
5.1.1 and 5.1.3), and the values did not satisfactorily fit a straight-line 
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Figure 5.1.1 Losses in viability of L. plantarurn L71 
during storage in various protective media at 4 0 C. 
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Figure 5.1.2 Losses in viability of L. plantarum L71 
during storage in various protective media at 30'C. 
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Figure 5.1.3 Losses in viability of P. pentosaceus 
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Figure 5.1.4 Losses in viability of P.pentosaceus P26 
during storage in various protective media at 30 0 C. 
9 log' ° cell counts 	 I 
ci y= — 315x + 2772 
r = 0.858, P = 0.05 
= —441x + 3773 + 
r = 0.844, P = 0.05 
SS 
= —98x + 778 
r = 0.983, P = 0.001 
5 
0 	50 	100 
±- SM 30 ° C 
MRS broth 30 ° C 
150 	200 	250 	300 
Time (d) 
E SM + sucrose 30 ° C 
NNA 
218 
relationship when tested by regression analysis. For this reason, no attempt has 
been made to fit lines to the data points in Figures 5.1.1 and 5.1.3. The 
variability was probably due to the difficulty in maintaining the cultures during 
the freeze-drying process. The freeze-drying of cultures in ampoules can lead to 
a large amount of cell damage, particularly during the process of constricting 
the ampoules, compared to large scale freeze-drying techniques which do not 
require the direct application of heat. The values tended to decline during 
storage at 4°C throughout the experiment, except in the case of L. plantarum 
L71 freeze-dried in the presence of MRS broth. 
In the 30°C storage experiment, the discrepancy between the values obtained 
was smaller than at 4°C and the data for all treatments showed significant 
correlation coefficients. The regression lines and their equations are shown in 
Figures 5.1.2 and 5.1.4. The rate of.degradation at 4°C is slower and therefore 
differences between culture concentrations at various sampling times are 
smaller, and potentially masked by large errors in experimental technique. 
Consequently, when studying the viability of cultures at 4°C compared to 30°C, 
a more accurate method must be employed. 
Numerous studies (Damjanovi and Radulovi6, 1967; 1968; Redway and 
Lapage, 1974) have demonstrated that survival at higher temperatures couldbe 
used to determine the long-term survival of cultures at lower storage 
temperatures (4 0C). Damjanovi6 and RaduIovi (1968) tested the reliability of 
the accelerated storage test by determining the actual loss of microorganisms 
over a period of time and comparing it to the predicted value. No statistical 
difference was found between the two values. They showed that the logarithim 
of the numbers of surviving freeze-dried cells of L. bifidus declined linearly with 
time at the three selected temperatures (36°C, 45°C and 65 0C). Damjanovi6 
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and Radulovi (1968) stated that it was possible to predict the rate of 
degradation of a culture at any temperature by extrapolation of the logarithm of 
specific rates of decline observed at only a few (relatively high) temperatures. 
However, doubt must be attributed to the validity of this argument when 
referring to high (greater than 60 0C) and low (00C)  temperatures as the thermal 
degradation in these instances is non-logarithmic (Greaves, 1964). For a more 
accurate determination of the long-term survival of a culture more 
temperatures over a wider range would be desirable. 
Although the method of Damjanovi' and Radulovi (1968) was not followed 
directly, their conclusions can be applied to this experiment. The results of their 
studies implied that the gentler the slope of a line of degradation the more 
protection was provided by the medium to the culture, consequently prolonging 
the storage life. A comparison of the gradients (Figure 5.1.4) for cultures L71 
and P826 when stored in different protective media was made. Similar 
gradients were observed when P826 was freeze-dried in the presence of SM with 
or without sucrose. This similarity indicated that the addition of 10% (w/v) 
sucrose to 10% (w/v) SM did not aid the long-term storage of P. pentosaceus 
P826. However, with L. plantarum L71 the differences between the slopes of 
the lines for SM and SM with sucrose were greater. The results indicated that 
the freeze-drying of L71 in the presence of SM-only improved its long-term 
survival. 
5.1.2 Summary. 
Of the three protective media studied SM was the most successful at preserving 
both cultures during the freeze-drying process and over a long storage period. 
The addition of 10% (w/v) sucrose to SM had little or no beneficial effect in 
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aiding the immediate or long-term storage of either culture, particularly L71. 
For these reasons the large scale freeze-drying of cultures L71 and P826 was 
carried out only in the presence of 10% (w/v) SM. 
5.2 Effects on SilCare H, freeze-dried with different protectants, on 
the preservation of lucerne. 
It is essential that, if SilCare II is to be manufactured as a commercial silage 
inoculant, no loss of viability or efficiency of acid production during ensilage 
occurs either due to the increase to commercial production or to freeze-drying 
of the constituent cultures. One aim of the experiment was to determine 
whether the freeze-drying of the constituent cultures of SilCare had any adverse 
effects on its efficiency during ensilage. To achieve this the efficiency of the 
fermentation of a freeze-dried SilCare II treatment was compared to a broth 
preparation of SilCare II. A second aim was to establish whether the use of a 
different protectant during the process of freeze-drying affected the efficiency of 
the inoculant during ensilage. Finally, the different freeze-dried forms of 
SilCare II were compared against the commercially available inoculant, 
Lactomol, when they were applied with molasses. 
The cultures were grown on a large scale using a fermentor (section 2.2.4) and 
subsequently freeze-dried by two different processes (section 2.2.6);- 
i) 	with dried skimmed milk, 10% (w/v) 
and 	ii) 	by the same process as Lactomol. 
A fairer comparison between SilCare II and Lactomol was therefore made as 
both inoculants were freeze-dried, whereas on previous occasions only 
Lactomol had been in the lypholized form. This gave five silage treatments 
(Table 5.2.1); untreated control (C), Lactomol (LM), a broth preparation of 
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SilCare II (SMB), SilCare II prepared from cultures freeze-dried in rehydrated 
skimmed milk (SMD), and SilCare II prepared from cultures freeze-dried by 
the same process as Lactomol (SMM). All inoculants were applied with 
molasses (treatments LM, SMB, SMD and SMM). 
Table 5.2.1 Treatments applied to the herbage. 
CODE 	 TREATMENT 
C 	- 	Untreated control. 
LM 	- 	Lactomol. 
SMB 	- 	SilCare II prepared from broth cultures. 
SMD 	- 	SilCare II prepared from cultures freeze-dried in the 
presence of rehydrated skimmed milk. 
SMM - 	SilCare II prepared from cultures freeze-dried by the 
same process as Lactomol. 
Investigations were carried out on first cut lucerne harvested on the 27 June, 
1988. The lucerne was just flowering and had a oven dry matter content of 273 
g kg-1 and a low WSC content of 65 g kg- ' DM. The inoculants were prepared 
and applied in accordance with section 2.6 and 2.7. Herbage and silages were 
prepared and analysed for chemical composition and microbial flora as 
described in section 2.8 and 2.9. 
5.2.1 Analysis of inoculants. 
The culture concentration of the inoculants was established as described 
previously in section 2.6. Analysis of Lactomol indicated that it contained 
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2.4 x 109 cfu g-1 which would give an inoculant level of 1.0 x 105 cfu g-' of 
herbage to be ensued. 
For the broth preparation of SilCare II, cultures L71 and P826 were diluted to 
concentrations of 3.2 x 108  cfu ml-1 and 1.2 x 108 cfu ml-' respectively. 
Combining the dilutents in equal proportions gave a culture concentration of 
2.2 x 108 cfu nil- ' with a ratio of 2.8 L71: 1 P826 cell. The concentration of the 
constituent cultures of SilCare II, freeze-dried in the presence of skimmed milk, 
were 2.5 x 10" cfu g' and 7.1 x 1010 cfu g' for L71 and P826 respectively. The 
cultures were diluted using Ringer solution to concentrations of 3.9 x 108  cfu ml-
'and 1.3 x 108 cfu m1' for L71 and P826 respectively. Mixing the two cultures 
in equal proportions gave a culture concentration of 2.6 x 108  cfu m1 1 , with a 
ratio of three L71 cells to every one P826 cell. The culture concentration of 
L. plantarum L71 and P. pentosaceus P826 in SilCare II prepared by the same 
process as Lactomol was 1.5 x 1010  cfu ml-1 and 3.1 x 1010  cfu g4 respectively. 
Cultures prepared by this method were diluted with Ringer solution to 
concentrations of 3.6 x 10 8 cfu ml-1 and 1.2 x 108  cfu ml-1 for L71 and P826, 
respectively. Combining equal volumes of the dilutents gave an inoculant with a 
3: 1 ratio of L71 to P826 cells and a culture concentration of 2.4 x 108  cfu nil-1 . 
The measured inoculant levels of treatments SMB, SMD and SMM were 
9.4 x 104, 1.1 x 10 and 1.0 x 105 cfu g - ' of herbage to be ensiled respectively. 
5.2.2 Chemical changes during ensilage. 
The lucerne used for all the treatments had the following composition at the 
time of ensiling: 0DM (without molasses), 273 g kg -1 FM; 0DM (with 
molasses), 291 g kg-' FM; WSC content (without molasses), 65 g kg -' DM; 
WSC content (with molasses), 83 g kg - ' DM; total-nitrogen, 21.4 g kg-' DM; 
223 
crude protein, 133 g kg-' TN; protein-nitrogen, 634 g kg - ' TN and a buffering 
capacity of 445 mequiv kg-1 DM (Table 5.2.2). In the untreated control the 
WSC constituted 1.8% of the fresh material. The addition of molasses to the 
herbage (treatments LM, SMB, SMD and SMM) increased the WSC content of 
the fresh material by 2.4% units and the dry matter content of the fresh material 
by 1.8% units or 0.34%. The pH value of an aqueous macerate of the herbage 
was approximately 6.05 (Table 5.2.2). 
The changes in the chemical composition of the silages during ensilage are 
shown in Table 5.2.3 and Figure 5.2.1. The composition of the silages, except 
those on the final sampling day, were calculated using the 0DM. As in the 
previous experiments a higher DM was recorded for those silages treated 
molasses. Throughout the ensilage period the DM of any of the treatments at 
any of the sampling times did not differ significantly from each other (P > 0.05). 
There was a gradual decline in the pH (Figure 5.2.1) of the silages until 
sampling day 12 when the values stabilized (Table 5.2.3). The most rapid fall in 
the pH was experienced within the first 48 h of ensilage (Figure 5.2.1), 
particularly in the SilCare II inoculated silages. The untreated control had the 
highest pH (P < 0.001) of all the silages. Throughout the period of ensilage 
silage LM had a lower pH (P < 0.001) than the untreated control but higher 
than that recorded for silages SMB, SMD or SMM (P < 0.01). Of the SilCare 
II treatments, overall those cultures freeze-dried by the same process as 
Lactomol (SMM) produced silage with a higher pH (P <0.01) after 48h than silage 
treated with SilCare freeze-dried in rehydrated skimmed milk (treatment• SMD). 
After 12 d ensilage silages SMB and SMD had lower pH values than 
silage SMM but the differences were not significant (P > 0.05). On sampling 
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Table 5.2.2 Chemical composition of herbage prior to ensilage. 
Chemical parameter Value 
Oven thy matter (g kg-' fresh material): 
without molasses 273 
with molasses 291 
Water soluble carbohydrates (g kg -' DM): 
without molasses 65 
with molasses 83 
Total-nitrogen (g kg-1 DM) 21.4 
Crude protein (g kg -' DM) 133 
Protein-nitrogen (g kg- ' TN) 634 
pH 6.05 
Buffering capacity (mequiv kg-' DM) 445 
Modified acid detergent fibre (g kg- ' DM) 343 
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Table 5.2.3 Chemical composition* of herbage ensiled with different 
treatments assessed over 108 d ensilage. 
Sample Chemical Treatment** 
Day Parameter C LM SMB SMD SMM 
2 pH 5.07 4.69 4.14 4.18 4.25 
12 4.44 4.18 3.97 3.96 4.00 
49 4.44 4.21 4.11 4.06 4.10 
108 4.45 4.15 4.08 4.05 4.07 
SED" = 0.023 
2 0DM 269 286 289 286 304 
12 g kg-i 273 286 289 286 304 
49 273 286 289 286 304 
108 255 275 275 275 278 
SED = 1.8 
2 TDM ND ND ND ND ND 
12 g kg-1 ND ND ND ND ND 
49 ND ND ND ND ND 
108 265 272 271 269 272 
SED = 4.7 
2 TN 21.2 21.7 21.3 20.7 21.3 
12 g kg-i DM 19.6 19.0 19.4 19.7 17.5 
49 19.6 18.7 18.1 18.8 17.2 
108 21.4 20.5 19.8 20.1 20.2 
SED = 0.60 
2 PN 501 505 517 484 500 
12 gkg-iTN 396 410 486 491 470 
49 305 365 365 400 360 
108 278 296 312 391 354 
SED = 23.2 
2 VN 35 32 23 21 26 
12 g kg-1 TN 113 84 34 27 44 
49 135 106 27 37 53 
108 118 95 37 34 55 
SED = 4.9 
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Table 5.23 (cont) Chemical composition of herbage ensued with 
different treatments assessed over 108 d ensilage. 
Sample Chemical Treatment 
Day Parameter C LM SMB SMD SMM 
2 WSC 22 18 30 37 31 
12 gkg-1DM 11 15 33 51 50 
49 2 15 30 32 26 
108 0 3 34 32 30 
SED = 2.4 
2 EtOH 4.00 3.33 1.37 1.57 1.43 
12 gkg-1DM 5.83 3.90 1.53 1.53 1.60 
49 6.50 5.93 1.73 1.63 1.70 
108 7.33 7.00 2.00 2.00 2.33 
SED = 0.377 
2 AA 19.3 17.0 10.7 12.0 12.3 
12 g kg-i DM 23.0 17.7 13.0 14.3 15.0 
49 27.0 22.0 13.3 13.7 14.3 
108 30.0 21.3 13.7 14.3 15.3 
SED = 1.30 
2 LA 33 47 76 74 83 
12 gkg-1DM 73 103 87 82 84 
49 81 86 82 75 70 
108 64 69 69 83 70 
SED = 8.3 
2 PA 0.0 0.0 0.0 0.7 0.3 
12 gkg-1DM 1.0 0.3 1.0 0.7 1.0 
49 1.7 1.0 1.0 1.0 1.0 
108 1.3 03 0.3 1.0 1.0 
SED = 0.30 
KEY 
Chemical 	0DM- Oven dry matter. EtOH -Ethanol. 
Parameter* TDM - Toluene dry matter. AA -Acetic acid. 
TN 	- Total-nitrogen. LA -Lactic acid. 
PN - Protein-nitrogen. PA -Propionic acid. 
VN - Ammonia-nitrogen. 
WSC - Water soluble carbohydrates. 
ND - Sample not analysed. 
For treatment 	definition refer to Table 5.2.1. 
SED 	- standard error of the difference of the means between means of columns or 
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Figure 5.2.1 FIist.oram representation of the chemical composition of 
herbage ensile with different treatments over 108 ci ensilage. 
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Figure 5.2.1 (cont) Histogram representation of the chemical composition 
of herbage ensued with different treatments over 108 d ensilage. 
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For treatment definition refer to Table 5.2.1. 
day 49 no change was detected in the pH of the control but the pH of silages 
LM (P > 0.05), SMB (P < 0.001), SMD (P < 0.001) and SMM (P < 0.001) had 
risen. By the end of the ensuing period most of the pHs had fallen again but 
only silage LM was significantly lower (P < 0.05) than at day 49. Silage SMD 
had the lowest pH of all the treatments but the differences in the SilCare II 
inoculated silages were only slight. The untreated control had the highest pH 
and although the pH of the herbage treated with Lactomol was lower (P < 
0.001) it was still higher than silage treated with any of the SilCare II inoculants 
((P < 0.01). 
There was a dramatic fall in the WSC content of all the silages after 48 h 
ensilage. The WSC content of silage LM was the lowest of all the silages at this 
stage, but was not significantly different from the untreated control (P > 0.05). 
Those silages treated with the SilCare II contained more WSC than the 
untreated control (P < 0.01) or silage LM (P < 0.001). After 12 d ensilage 
there was an increase in the WSC content of the SilCare-treated silages. Silages 
LM and C contained similar amounts of WSC to each other but less than the 
other silages. Silages SMD and SMM had higher WSC contents than silage 
SMB (P < 0.001). By sampling day 49 the WSC levels had fallen again with the 
lowest level, 2 g kg-1 DM, being detected in the untreated control. Lactomol-
treated silage contained more (P < 0.001) WSC than the control but less 
(P < 0.001) than the three SilCare II silages. There were no significant 
differences in the WSC contents of silages SMB and SMD or of silages SMB 
and SMM (P > 0.05) but SMM contained less WSC than SMD (P < 0.05). On 
the final sampling day there was no WSC detected in the untreated control. Of 
the remaining treatments, silage treated with Lactomol contained the least 
WSC (P < 0.001). All the SilCare-treated silages had significant quantities of 
WSC, with silage SMB having more residual WSC than either silage SMD (P 
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< 0.05) or SMM (P < 0.01). The residual WSC content of silages treated with 
SMD and SMM were similar. 
Overall silages SMB and SMD contained more lactic acid. The maximum level 
of lactic acid recorded for each silage treatment was achieved earlier in the 
inoculated silages (sampling day 12) than in the control (sampling day 49). 
Once the amount of lactic acid had peaked it then declined and continued to do 
so until the end of the fermentation (Figure 5.2.1). At the end of the 
fermentation herbage ensiled with treatment SMD contained most lactic acid, 
83 g kg- ' DM. Treatment SMB contained only slightly more lactic acid than the 
untreated control (P > 0.05) which contained least lactic acid, 64 g kg' DM. 
The acetic acid content of all the silages increased throughout the ensilage 
period (Figure 5.2.1). The control contained the most and silage SMB the least 
amount of acetic acid of all the silages on each of the sampling days. 
Throughout the fermentation a similar pattern of acetic acid content was 
recorded for the silages. The control and silage LM contained most acetic acid 
and the SilCare IT-treated silages least. Treatments SMB, SMD and SMM had 
similar levels of acetic acid on each sampling day. At the end of the 
fermentation (108 d) silage SMB had the lowest acetic acid level but this was 
not significantly different from the levels within other SilCare IT-treatments 
(P > 0.05). Silage treated with Lactomol contained higher levels of acetic acid 
than silages SMB (P < 0.001), SMD (P < 0.001) and SMM, (P < 0.001) after 
108 d ensilage. 
The mean ratios of lactic acid to acetic acid are shown in Table 5.2.4. The 
largest ratio of lactic acid to . acetic acid was recorded for herbage ensued with 
SilCare II on sampling day 2. The ratio for the control and Lactomol silages did 
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not peak until after 12 d ensilage. Generally, once the peak was reached the 
ratios declined. 
Table 5.2.4 Ratio of lactic acid to acetic acid in the ensued herbage. 
Sample Treatment 
Day C LM SMB SMD SMM 
2 1.71 2.76 7.10 6.17 6.75 
12 3.17 5.82 6.69 5.73 5.60 
49 3.00 3.91 6.17 5.47 4.90 
108 2.13 3.24 5.04 5.80 4.57 
For treatment definition refer to Table 5.2.1. 
After two d ensilage propionic acid was only detected in silages SMD and SMM. 
Various amounts of propionic acid were detected in all silages by sampling day 
12. The propionic acid content of silages LM and SMD had increased being 
equivalent with that of silages SMB and SMM after 49 d ensilage; the propionic 
acid content of the control was highest of all the silages. Results after 108 d 
ensilage showed that the propionic acid content of treatments SMD and SMM 
had remained constant, but had declined in the other treatments. By the end of 
the fermentation silage SMB had a lower propionic acid content than silage C 
(P < 0.01), SMD (P < 0.05), SMM (P < 0.05) or LM (P > 0.05). No butyric 
acid was detected in any of the silages on any of the sampling days. 
The sampling-day mean results for the protein-nitrogen content of the silages 
declined during the fermentation. The treatment-mean result showed that 
silage SMD had the highest protein-nitrogen content, 502 g kg -1 TN compared 
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to silages SMM (P > 0.05), SMB (P > 0.05), LM (P < 0.001) and C (P < 
0.001). At the end of the fermentation the control silage had the least protein-
nitrogen, although it was similar to the amount in silage LM. The three silages 
treated with SilCare II contained more protein-nitrogen than the Lactomol-
treated or control silages. Of the SilCare-treated silages treatment SMD 
contained the largest amount of protein-nitrogen, 391 g kg -1 TN. At the end of 
the fermentation silage SMD contained more protein-nitrogen than silages 
SMM (P> 0.05), SMB (P < 0.01), LM (P < 0.001) and C (P <0.001). 
After 48 h ensilage the untreated control contained a similar amount of 
ammonia-nitrogen to the Lactomol-treated silage but more than silage SMB (P 
< 0.05), SMD (P < 0.01) or SMM (P > 0.05). By day 12 there was a rise in the 
ammonia-nitrogen content of all the silages. However, the ammonia-nitrogen 
content of all the SilCare-treated silages remained below 60 g kg - ' TN. At each 
sampling time the control contained the highest ammonia-nitrogen content with 
levels greater than 100 g kg -' TN being recorded by 12 d ensilage. After 12 d 
ensilage, Lactomol-treated silage contained ammonia-nitrogen levels between 
80-100 g kg- ' TN except on day 49 when the level recorded was greater than 100 
g kg-1 TN. Silage SMD had the least amount of ammonia-nitrogen during the 
ensilage period, except on sampling day 49. After 108 d ensilage silage SMD 
contained less ammonia-nitrogen than silage SMB (P > 0.05), SMM (P < 
0.001), LM (P < 0.001) or C (P < 0.001). All the SilCare-treated silages 
contained less ammonia-nitrogen than the untreated control or Lactomol-
treated silage. 
Throughout the fermentation the ethanol content of all the silages remained 
low with an overall grand mean of 3.21 g kg -1 DM. The total-treatment mean 
result for silages C and LM were significantly higher (P < 0.001) than those of 
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silages SMB, SMD and SMM. The ethanol content of each treatment increased 
during the preservation period. The amount of ethanol in the silages followed a 
similar pattern to that displayed for the acetic acid and ammonia-nitrogen 
contents (Figure 5.2.1). On the final sampling day silage SMB and SMD had 
similar amounts of ethanol but less than that detected for silages SMM (P > 
0.05), LM (P < 0.001) and C (P < 0.001). 
5.2.3 Microbial changes during ensilage. 
The concentration of epiphytic LAB recorded on the herbage to be ensued was 
1.0 x 104 cfu g 1 . Of the LAB detected 94% were streptococci and the remaining 
6% were lactobacilli and/or pediococci. On the ensuing day a concentration of 
1.6 x 10 LAB g-1 of herbage was recorded on the Lactomol-treated herbage. 
An average of 1.3 x 105  LAB g' of herbage was recorded for the SilCare II-
treated herbage. All the inoculated treatments produced higher LAB counts 
than the untreated control (Table 5.2.5). Only the control was analysed for 
Enterobacteriaceae and yeasts which were present in concentrations of 1.6 x 10 
and 7.6 x 103 cfu g4 of herbage to be ensued respectively. 
The microbial composition of the silages throughout the ensilage period are 
shown in Table 5.2.5 and Figure 5.2.2. During the first 48 h of ensilage there 
was a rapid increase in the number of LAB detected with concentrations in 
excess of 1 x 109 cfu g 1 herbage recorded. Slightly higher counts were recorded 
in the Lactomol-treated compared to the SilCare IT-treated silages. After 48 h 
similar concentrations of LAB were recorded in the control and the inoculated 
treatments. On sampling day 12 the number of LAB recorded decreased in all 
the silages and continued to do so until the end of the fermentation. The rate of 
decrease was greater in silages treated with SilCare II compared to the control 
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Table 5.2.5 Number of microorganisms of various groups*  (cfu g 1 
material) isolated from herbage ensued with different treatments 
over 108 d period. 
Sample Microbial Treatment** 
Day group C LM SMB SMD SMM 
o ENT 1.6 x 104 ND ND ND ND 
2 3.6 x 107 > 107 6.6 0 1.3 x 10.4 
12 9.2 x 103 1.0 x 102 0 0 0 
49 0 0 0 0 0 
108 0 0 0 0 0 
0 CLOS 4.3 x 101 ND ND ND ND 
2 < 10 < 10 0 0 4.3 x 101 
0 LAC 6.2 x 102 ND ND ND ND 
and PED 
0 LAB 1.0 x 104 1.6 x 105 1.2 x 105 1.3 x 105 1.4 x iO 
2 2.6 x 109 3.1 x 109 2.5 x 109 1.8 x 109 2.1 x iO 
12 6.0 x 108 1.0 x 109 2.5 x 108 1.6 x 108 5.0 x 108 
49 2.3 x 108 3.6 x 108 9.2 x 106 3.8 x 106 1.5 x 107 
108 1.9 x 108 2.9 x 108 1.3 x 105 1.0 x 105 1.3 x 106 
0 YST 7.6 x 103 ND ND ND ND 
2 2.3 x 101 1.5 x 102 3.0 x 101 6.7 x 101 3.3 x 101 
12 3.7 x 101 1.6 x 102 4.6 x 103 < 10 6.7 x 108 
49 1.0 x 101 1.6 x 102 0 < 10 6.8 x 102 
108 1.6 x 102 6.7 x 102 2.0 x 102 1.9 x 102 4.3 x 101 
49 LAY < 10 4.4 x 102 < 10 1.7 x 101 7.9 x 102 
108 2.8 x 102 7.9 x 102 8.0 x 102 4.7 x 102 4.0 x 101 
KEY 
Microbial 	ENT 	 - Enterobacteriaceae. 
group 	LAC and PED 	- Lactobacilli and pediococci. 
LAB 	 - Lactic acid bacteria. 
YST - Yeasts. 
LAY 	 - Lactate-assimilating yeasts. 
CLOS - Clostridia. 
ND 	 - Counts not determined. 
For treatment **  definition refer to Table 5.2.1. 







Figure 5.2.2 I1isogra in representation of the number of microorganisms of 
various groups (cfu g 	material) isolated from herbage ensued with different. 
treatments, over a 108 ci period. 
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or treatment LM. On the final sampling day the highest number of LAB was 
recorded for silages C and LM. Of the SilCare treatments, SMM had the 
highest and SMD the lowest number of LAB. 
Within 48 h of ensilage the numbers of Enterobacteriaceae had increased in the 
control and the Lactomol-treated silages, whereas a decrease in the number was 
recorded for SilCare-treated silages, although it was only slight in the case of 
treatment SMM. No Enterobacteriaceae were detected for treatment SMD 
after 48 h fermentation. After 12 d ensilage no enterobacteria were detected in 
the SilCare 11-treated silages and silages C and LM contained less 
enterobacteria than they had on the day of ensuing. On subsequent sampling 
days no Enterobacteriaceae were recorded for any of the silages. Lactate-
fermenting clostridia were only detected in small quantities during the initial 
stages of ensilage. No proteolytic clostridia were found throughout the ensilage 
period. 
Yeast counts were all below 1 x 10 organisms g' herbage DM, at each 
sampling time. After 48 h ensilage the number of yeasts fell in all the silages 
with the highest number being recorded for silages LM and SMD. By sampling 
day 12 the concentration of yeasts had increased dramatically in silages SMB 
and SMM. The number recorded fof silages C and LM remained similar and 
there was a fall in the number detected in silage SMD. The number of yeasts 
detected for silages C, LM and SMD on sampling day 49 was very similar to the 
number recorded on sampling day 12, and there was a fall in the number 
recorded for silages SMB and SMM. On the final sampling day the yeast Counts 
for all silages were approximately 1 x 102 g-1 of silage, with silages LM and 
SMM having the highest and lowest counts respectively. 
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The presence of lactate-assimilating yeasts was analysed for after 49 and 108 d 
ensilage. After 49 d the largest number of lactate-assimilating yeasts was 
detected in silages treated with Lactomol or treatment SMM. On the final 
sampling day there was an increase in the number of lactate-assimilating yeasts 
detected in all the silages with treatment SMM having the lowest number. The 
results suggested that all the yeasts detected on sampling day 108 were lactate-
assimilating. In the majority of cases higher counts of lactate-assimilating yeasts 
were detected than total yeast counts. 
5.2.4 Summary. 
All the SilCare TI-treatments preserved the lucerne more successfully than 
Lactomol or no treatment. This was indicated by the pH being reduced sooner 
and to a greater extent due to the rapid initial growth of the LAB in the SilCare 
II-treated silages. Silages SMB, SMD and SMM compared to LM contained 
higher residual WSC, lactic acid and protein-nitrogen contents and lower 
ammonia-nitrogen, ethanol and acetic acid contents at the end of the 
fermentation. High levels of LAB persisted for longer in silages C and LM and 
an increase in the number of Enterobacteriaceae was recorded in these silages 
in the early stages of ensilage. 
The freeze-drying of SilCare II did not appear to have an adverse effect on the 
efficiency of the inoculant during ensilage. In terms of conserving protein-
nitrogen in the silage, the freeze-dried SilCare II was more successful than the 
broth preparation. 
A comparison of the ensilage capabilities of SilCare II when freeze-dried by the 
two different processes showed that freeze-drying in rehydrated skimmed milk 
compared to freeze-drying by the same process as Lactomol resulted in a more 
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successful fermentation. Within the first 48 h of ensilage treatment SMD 
reduced the pH of the silage sooner and to a greater extent than treatment 
SMM. On the final sampling day herbage ensued with treatment SMD had a 
lower pH, higher protein-nitrogen, WSC and lactic acid contents and lower 
ammonia-nitrogen, acetic acid and ethanol contents compared to treatment 
SMM. The microbial analysis indicated that the numbers of LAB and 
Enterobacteriaceae were also reduced sooner in the herbage ensued with 
treatment SMD. However, treatment SMD did produce a higher number of 
yeasts at the end of the fermentation but the level was below 1 x 1O organisms 
g- ' herbage DM. The low lactate-assimilating yeast counts implied that the 
silage would be likely to be stable on exposure to air, however, the presence of 
acetic acid bacteria and Bacillus spp. were not tested for. 
In future ensilage experiments the constituent cultures of SilCare II were 
freeze-dried in rehydrated skimmed milk, and like the equivalent broth 
preparation, both were always ensued with molasses applied at the rate of 9 ml 
kg-1 fresh material. 
53 Effects of increased application rates of freeze-dried SilCare II 
on the fermentation of herbage. 
The aim of the experiment was to determine whether increased application 
rates of SilCare II improved the fermentation of ensued herbage. SilCare II is a 
freeze-dried preparation of a 3 : 1 ratio of L. plantarum L71 and P. pentosaceus 
P826 and is always applied in the presence of molasses. The application rate of 
the inoculant was increased by factors of ten from 1 x 105  to 1 x 10 cfu g' 1 
herbage. This gave four treatments (Table 5.3.1); untreated control (C), 
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SilCare II at a rate of 1 x 10 (SML), SilCare II at a rate of 1 x 106  (SMM), and 
SilCare II at a rate of 1 x iO (SMH). 
Investigations were carried out on a mixture of timothy (65%), Italian ryegrass 
(21%), perennial ryegrass (12%) and couch grass (2%) harvested with a forage 
harvester on the 16 August, 1988. There was only ear emergence in the 
perennial ryegrass (16%), with an overall ear emergence of 2%. The herbage 
had a DM content of approximately 166 g kg - ' FM and a low total WSC content 
of 87 g kg- ' DM. The inoculants were prepared in accordance with section 2.6.3 
but diluted to concentrations of 3.6 x 1010  and 1.2 x 1010  cfu ml-1 for L71 and 
P826, respectively. The total concentration of the mixed culture solution was 
therefore 2.4 x 1010  cfu ml-1 which gave an inoculant rate of 1 x 107  cfu g' 
herbage to be ensued. The mixed culture solution was subsequently diluted 10-
and 100- fold using Ringer solution to give an inoculant level of 1 x 106  and 
1 x 10 cfu g4 herbage to be ensued. The inoculant was applied to the herbage 
and the silages prepared as described in sections 2.7 and 2.8. Herbage and 
silages were analysed for chemical composition and microbial flora as described 
in section 2.9. 
Table 53.1 Treatments applied to the herbage. 
CODE 	 TREATMENT 
C 	 - 	Untreated control. 
SML 	- 	SilCare II, 1 x 105 cfu g herbage. 
SMM 	- 	SilCare II, 1 x 106  cfu g 1 herbage. 
SMH 	- 	SilCare II, 1 x 107 cfu g - ' herbage. 
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5.3.1 Analysis of inoculants. 
The concentrations of the constituent cultures of SilCare II were established as 
described in section 2.6.2. The results confirmed the culture concentration of 
freeze-dried L71 and P826 to be 3.1 x 10 10 and 8.0 x 109 cfu ml-1 respectively 
when reconstituted in 9 ml Ringer solution. The cultures were diluted to the 
appropriate level with Ringer solution and combined in equal proportions. The 
concentration of the combined dilutents were confirmed as being 2.0 x 1010, 2.3 
x 109 and 2.2 x 108  cfu ml for treatments SMH, SMM and SML respectively, 
with a ratio of three L71 cells to every one P826 cell. Herbage was therefore 
treated at a rate of 8.4 x 106., 9.8 x 10 5 and 9.4 x 104  cfu g-1 herbage to be ensued 
for treatments SMH, SMM and SML respectively, thus giving the required 
inoculant rates. 
5.3.2 Changes in chemical composition during ensilage. 
The herbage used for all the treatments had the following composition at the 
time of ensuing (Table 5.3.2): 0DM (without molasses), 166 g kg-' FM; 0DM 
(with molasses), 177 g kg - ' FM; WSC (without molasses), 87 g kg -' DM; WSC 
(with molasses), 107 g kg - ' DM; total-nitrogen, 23.9 g kg -1 DM; crude protein, 
149 g kg-' DM; protein-nitrogen, 862 g kg- ' TN; and a buffering capacity of 342 
mequiv kg-' DM. The modified acid detergent fibre content of the herbage was 
307 g kg-' DM. The pH value of an aqueous macerate of the herbage was 
approximately 6.16 (Table 5.3.2). 
The changes in chemical composition of the silages from two to 150 d ensilage 
are shown in Table 5.3.3 and Figure 5.3.1. The composition of the two and 17 d 
silages were calculated using the 0DM; all other calculations were based on 
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Table 53.2 Chemical composition of herbage prior to ensilage. 
Chemical parameter Value 
Oven dry matter (g kg-1 fresh material): 
without molasses 166 
with molasses 177 
Water soluble carbohydrates (g kg -' DM): 
without molasses 87 
with molasses 107 
Total-nitrogen (g kg -' DM) 23.9 
Crude protein (g kg- 1 DM) 149 
Protein-nitrogen (g kg-' TN) 862 
pH 6.16 
Buffering capacity (mequiv kg -1 DM) 342 
Modified acid detergent fibre (g kg - ' DM) 307 
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Table 5.33 Chemical composition of herbage ensued with different 
treatments assessed over 150 d ensilage. 
Sample Chemical Treatment 
Day Paramater C SML SMM SMH 
2 pH 5.33 4.90 4.46 4.19 
17 4.02 3.85 3.82 3.79 
150 3.91 3.86 3.83 3.82 
SED" = 0.029 
2 0DM 166 176 177 177 
17 gkg-i 166 176 177 177 
150 159 164 166 166 
SED = 1.1 
2 TDM ND ND ND ND 
17 g kg-i ND ND ND ND 
150 160 166 167 166 
SED = 1.7 
2 TN 25.2 23.2 23.8 23.0 
17 g kg-i DM 24.0 23.6 22.4 22.9 
150 25.1 23.9 23.8 23.8 
SED = 0.72 
2 PN 652 629 652 635 
17 g kg-1 TN 452 469 450 500 
150 399 442 429 453 
SED = 23.4 
2 VN 43 40 	- 27 18 
17 gkg-1TN 87 62 54 44 
150 83 65 54 38 
SED = 5.3 
2 WSC 94 107 102 91 
17 g kg-i DM 28 34 43 35 
150 24 45 45 53 
SED = 4.2 
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Table 53.3 (cont) Chemical composition of herbage ensued with 
different treatments assessed over 150 d ensilage. 
Sample Chemical Treatment 
Day Parameter* C SML SMM SMH 
2 EtOH 4.00 2.33 2.00 2.00 
17 g kg-i DM 5.33 7.33 7.33 7.67 
150 5.87 16.00 19.67 17.33 
SED = 0.798 
2 AA 15.0 10.0 8.0 7.0 
17 g kg-1 DM 17.7 13.3 10.0 9.3 
150 27.0 14.3 15.0 15.0 
SED = 0.64 
2 LA 37 45 45 70 
17 gkg-iDM 113 123 136 118 
150 157 135 122 144 
SED = 12.4 
Chemical 	0DM 	- Oven dry matter. 
Parameter TDM - Toluene dry matter. 
TN 	- Total-nitrogen. 
PN - Protein-nitrogen. 
VN 	- Ammonia-nitrogen. 
WSC - Water soluble carbohydrates. 
EtOH 	- Ethanol. 
AA - Acetic acid. 
LA 	- Lactic acid. 
ND - Sample not analysed. 
For treatment**  definition refer to Table 5.3.1. 
SED - standard error of the difference of the means between means of columns and 











L 	 All 
ulal 
17 	 0 	 17 
Figure 5.3. 1 Histogram representation of the chemical Composition of 
herbage ensued with different treatments over 150 d ensilage. 
TOTAL NITROGEN 	 WATER SOLUI3LE CARBOHYDRATES 
g kg DM 	 g kg DM 
24-
iIIL] tiLL  
1 
L17 
Days 	 Days 
PROTEIN NITROGEN 	 pH Ui 
Figure 5.3.1 (cont.) Histogram representation of the chemical Composition 
of herbage ensued with different treanients over 150 d ensilage. 
ic'ric ACID 	 ACETIC ACID 















0 	2 	17 	150 
Days 	 Days 
to 
0\ 
	 AMMONIA NITROGEN 	 ETHANOL 








20 g kg OM 
to- 
17 	150 	 0 
Days u c N S M L [1 S M M 1 1 SMU Days 
For treatment definition refer to Table 5.3.1. 
the TDM. A higher DM content was recorded for silages SML, SMM and SMH 
due to the presence of molasses, as previously discussed in section 4.1.2. The 
0DM for treatments SML, SMM and SMH were all similar to each other. In 
all the treatments there was a fall in the 0DM content between sampling day 
two and 150 (P <0.001). There was no difference (P > 0.05) between the total-
treatment means recorded for the three SilCare II treatments. Any fluctuations 
in the TDM content recorded for each treatment at 150 d were not significant 
(P > 0.05). 
The pH of each silage treatment declined during the preservation. Overall, the 
untreated control and silage SMH had the highest and the lowest pH values 
respectively. The sampling-day mean results showed a fall in the initial pH 
from 6.16 to 4.72 after 48 h ensilage. On sampling day two the control had a 
higher (P < 0.001) pH than the other treatments. The pH of the silages treated 
with SilCare II were significantly reduced (P < 0.001) with each increase in the 
application rate. By 17 d ensilage the control still had a higher pH (P < 0.001) 
than the other treatments. Of the inoculated treatments only the pH values of 
silages SML and SMH were significantly (P < 0.05) different from each other. 
At the end of the fermentation the pH of the control was only slightly higher 
than silage SML (P > 0.05), SMM (P < 0.05) or SMH (P < 0.01). All the 
SilCare 11-treated silages had similar pH values. 
The overall treatment mean result for each silage showed that the WSC 
contents of silages SML, SMM and SMH were similar and significantly higher 
(P < 0.001) than the control due to the addition of molasses and a more 
efficient fermentation. Within 48 h of ensilage the WSC contents of the SilCare 
11-treated silages fell slightly. The rate of decrease in the WSC content of the 
silages was quicker in silages with increased inoculation rate of SilCare II. In 
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the untreated herbage there was an increase in the WSC content recorded after 
two d ensilage but it was not significant (P > 0.05). Between two and 17 d 
ensilage there was a dramatic reduction (P < 0.001) in the WSC content of the 
silaes (Figure 5.3.3). The untreated control contained only slightly less WSC 
than silages SML (P > 0.05),. SMM (P> 0.05) and SMH (P < 0.01). Towards 
the end of the fermentation there was an increase in the WSC content of the 
inoculated silages (SML, P < 0.05; SMM, P > 0.05; SMH, P < 0.001) but the 
level in the control continued to fall (P > 0.05). 
The lactic acid content of all the silages increased throughout the fermentation. 
Within the first 48 h of ensilage silages C, SML and SMM all had similar 
amounts of lactic acid. On this and subsequent sampling days the lactic acid 
content of the silages ensiled with treatments SML and SMM were almost 
identical to each other. There was a dramatic increase in the amount of lactic 
acid detected in all the silages on sampling day 17. There were no significant 
differences (P > 0.05) in the amounts of lactic acid detected in the silages on 
sampling day 17 and 150. On the final sampling day the untreated control 
contained more (P > 0.05) lactic acid than the other treatments. 
Throughout the fermentation the acetic acid content of each silage increased. 
The untreated control had significantly (P < 0.001) larger amounts of acetic 
acid (Figure 5.3.1) than the other treatments on each sampling day. On 
sampling day 2 the lowest acetic acid content was detected in the silages treated 
with the highest application rate of SilCare II. The acetic acid content of silage 
SMH was significantly lower (P < 0.001)'.than silage SML but not than 
(P > 0.05) silage SMM. On the final sampling day silages SMM and SMH 
contained similar amounts of acetic acid and only slightly (P > 0.05) more than 
in silage SML. 
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The mean ratios of lactic acid to acetic acid are shown in Table 5.3.4. Larger 
ratios were recorded for each of the inoculated silages compared to the 
untreated control. As the inoculant rate was increased the ratio increased 
accordingly, this implied that more lactic acid than acetic acid was present. All 
Table 53.4 Ratio of lactic acid to acetic acid in the ensiled herbage. 
Sample Treatment 
Day C SML SMM SMH 
2 2.47 4.50 5.63 10.0 
17 6.38 9.25 12.2 12.69 
150 5.81 9.44 9.07 9.60 
For treatment definition see Table 5.3.1. 
but treatment SML reached a ratio peak after 17 d ensilage. No butyric or 
propionic acid was detected in any of the silages on any of the sampling days. 
The protein-nitrogen content of all the silages fell throughout the preservation 
(Figure 5.3.1). The total-treatment mean results for each silage indicated that 
herbage treated with the higher inoculant rate of SilCare II retained most 
protein-nitrogen. During the first 48 h the protein-nitrogen content of all the 
silages fell dramatically but at a constant rate. The differences between each 
silage were not significant (P > 0.05), except between SMH and SMM 
(P <0.05) on day 17. At the end of the fermentation silage SMH contained more proten-
nitrogen than all the other silages but only significantly more than the untreated 
control (P < 0.05). 
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The amount of ammonia-nitrogen in each silage increased during the ensilage 
period. Overall, silage C contained most and SMH least ammonia-nitrogen. 
Throughout the fermentation a similar pattern occurred on each sampling day. 
During the first 48 h of ensilage the ammonia-nitrogen level was below 45 g kg-' 
TN in each silage. By sampling day 17, there was a rapid increase in the amount 
of ammonia-nitrogen present in all the silages with significantly more (P < 
0.001) ammonia-nitrogen being present in the control than in the other silages. 
The results showed that as the inoculation rate increased, the amount of 
ammonia-nitrogen decreased; a similar pattern also occurred on sampling day 
150. On the final sampling day silage SMH contained less ammonia-nitrogen 
than silage SMM (P < 0.01), SML (P < 0.001) or C (P < 0.001). Silage SMM 
contained less ammonia-nitrogen than SML (P < 0.05). 
The ethanol content of all the silages increased over the 150 d ensilage period. 
The mean ethanol content of all the silages at the end of the fermentation was 
moderately high, 14.72 g kg-1 DM. After 48 h ensilage the control contained 
approximately twice (P < 0.05) as much ethanol as the SilCare 11-treated 
silages. This situation was reversed by sampling day 17 when all the SilCare II-
treated silages contained more ethanol than the control (P < 0.05). Silage C 
contained the least amount (P < 0.001) of ethanol on the final sampling day. 
Of the different SilCare IT-treatments, SML contained less ethanol than 
treatment SMM (P < 0.001) or SMH (P > 0.05). Silage SMM contained 
significantly (P < 0.001) larger amounts of ethanol than silages SML or SMH. 
5.3.3 Microbial changes during ensilage. 
The concentration of the epiphytic LAB detected (lactobacilli, streptococci and 
pediococci) on the herbage to be ensiled was 2.7 x 104  cfu g- '. Results from the 
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TAA and MRS plates indicated that 86% were streptococci and that the 
remaining colonies were either lactobacilli or pediococci. The increasing 
application rates of SilCare II were reflected in the increased LAB counts 
recorded for each treatment (Table 5.3.5). The numbers of epiphytic 
Enterobacteriaceae and yeasts found on the herbage were 6.2 x 10 and 3.2 x 10 
cfu g-1 respectively. 
The changes in microbial composition of the silages throughout the 
fermentation are shown in Table 5.3.5 and Figure 5.3.2. Within 24 h of ensilage 
a rapid increase in the number of LAB was recorded for each treatment. This 
increase was greater in silages treated with higher inoculation rates of SilCare 
II. The growth of the LAB continued until a peak was recorded on sampling 
day 2. The number of the LAB may have continued to increase after this time 
but was not recorded (Table 5.3.5). After 48 h the initial inoculation rate 
appeared to have little effect on the number of LAB recorded in the silages as 
similar results were obtained for each, although slightly lower LAB counts were 
recorded on sampling days 1 and 2 for silages C and SML. The growth of the 
epiphytic LAB had been stimulated to the same extent as the LAB in the lower 
inoculant level of SilCare II (SML). After 17 d ensilage the number of LAB 
recorded in each treatment had decreased. This trend continued until the end 
of the fermentation when all three SilCare TI-treatments had a similar 
concentration of LAB to each other but markedly less than the untreated 
control (Figure 5.3.2). 
The number of Enterobacteriaceae in each treatment increased rapidly within 
the first 24 h of ensilage (Figure 5.3.2). After 48 h the number of 
Enterobacteriaceae continued to increase in the untreated control but a decline 
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Table 53.5 Number of microorganisms of various groups (cfu g -' 
material) isolated from herbage ensued with different t reatments** 
over a 150 d period. 
Sample Microbial Treatment 
Day group C SML SMM SMH 
o ENT 6.2 x 104 ND ND ND 
1 12x 107 1.6x 10 6.6x 106 3.3x 10 
2 2.5 x 107 8.5 x 106 8.7 x 105 2.5 x 10 
17 0 0 0 0 
150 0 0 0 0 
0 CLOS 9.1 x 101 ND ND ND 
1 9.1 x 101 3.6 x 101 4.3 x 102 1.5 x 102 
2 9.1 x 101 7.3 x 101 9.1 x 101 4.3 x 102 
17 9.3x102 0 0 0 
150 0 0 0 0 
0 LAC 3.7 x 10 ND ND ND 
1 and PED > 107 > 107 > 108 > 108 
0 LAB 2.7 x 104 9.8 x 104 1.0 x 106 1.3 x iO 
1 1.6x108 2.7x 108 9.6x108 1.6x 10 
2 6.9 x 108 1.2 x 10 1.5 x 109 1.4 x io 
17 2.2 x 108 2.6 x 108 4.8 x 108 8.3 x 108 
150 1.6 x 107 2.7 x 105 2.7 x 105 3.0 x 105 
0 YST 3.2 x 103 ND ND ND 
1 9.4 x 105 3.6 x 103 1.8 x 103 1.7 x 103 
2 3.4 x 105 6.1 x 103 1.1 x 103 7.3 x 102 
17 7.8 x 104 6.4 x 105 5.3 x 105 6.7 x iO 
150 1.5 x 105 8.1 x 104 2.8 x 105 4.3 x io 
150 LAY 1.7 x 104 9.3 x 105 3.0 x 104 5.1 x io 
KEY 
Microbial 	ENT 	- 	Enterobacteriaceae. 
group 	CLOS - Clostridia. 
LAC and PED - 	Lactobacilli and pediococci. 
LAB 	- Lactic acid bacteria. 
YST - 	Yeasts. 
LAY 	- Lactate-assimilating yeasts. 
ND - 	Counts not determined. 
For treatment**  definition refer to Table 5.3.1. 
Counts are based on pooled samples from triplicate silos. 
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Figure 5.3.2 	I-1i.togram represeita1ion of the number of microoanism of various groups (cfu g-i material) isolated from herbage ensued with different 
treatments, over a 150 d period. 
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was observed in the SilCare 11-treated silages (Figure 5.3.2). After 17 d ensilage 
no Enterobacteriaceae were detected in any of the silages. 
A small number of clostridia was detected in the herbage to be ensued. 
Fluctuating low levels of clostridia were recorded throughout the preservation 
in all the silages. The clostridia persisted longest in the control silage. The 
number of clostridia increased between sampling days 1 and 2, except in the 
case of silage SMM. By the end of the fermentation no clostridia were found in 
any of the silages. 
Initial yeast counts on the herbage to be ensued were low, 3.2 x 10 3 cfu g- ' and 
remained so for the first 48 h of ensilage. However, by sampling day 17 an 
increase in the number of yeasts present was recorded. All the inoculated 
silages contained more yeasts than the untreated control. At the end of the 
ensilage period a high number of yeasts still prevailed, particularly in silages 
SMM and SMH. The majority of the yeasts detected on sampling day 150 were 
lactate-assimilating with the largest number being recorded in silage SMH. 
5.3.4 Summary. 
The increased application rate of the inoculant SilCare II resulted in silages that 
were preserved better in terms of ammonia-nitrogen and residual sugar levels. 
The presence of a greater number of homofermentative LAB caused an 
increase in lactic acid production and, as a consequence, a reduction in the pH 
sooner and to a greater extent. This inhibited the action of the deleterious 
bacteria and reduced the rate of proteolysis thus producing silage that could be 
utilized more efficiently. The amount of residual WSC in silages initially 
treated with higher inoculation rates was larger thus allowing more freely 
available energy for use by the rumen bacteria. However, larger quantities of 
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WSC may encourage yeast growth and can possibly lead to aerobic 
deterioration. 
An inoculant rate of SilCare II of 1 x 10 çfu g' herbage is sufficient to cause 
the successful ensilage of herbage. However, the efficiency of ensilage can be 
improved if the herbage is treated with SilCare II in excess of this inoculant 
level. Increasing the inoculation rate of SilCare II to greater than 10 5  cfu g4 
herbage would result in increased production costs and may increase the 
possibility of aerobic deterioration due to the presence of large quantities of 
lactic acid. It is recommended that SilCare II should be applied to herbage at 
the rate of 1 x 106  cfu g4 herbage to be ensiled. This would allow a more 
efficient fermentation whilst keeping commercial costs down and reducing the 
possibility of aerobic deterioration. 
5.4 Discussion. 
The number of epiphytic LAB in the herbage ensued in section 5.2 and 5.3 was 
1.0 x 104 and 2.7 x 104 cfu g4 herbage respectively. These levels were slightly 
higher than the expected level of 1.0 x 102  to iO g 1 herbage to be ensued, 
discussed in section 1.8 (Ely et al., 1981; Keddie, 1959; Kroulik et al., 1955b; 
McDonald et al., 1965; Moon et al., 1981; Nilsson and Nilsson, 1956; Stirling 
and Whittenbury, 1968). The majority of the epiphytic LAB on both herbage 
types were streptococci this was expected for the reasons already discussed 
(section 1.9). In section 5.2 the numbers of LAB detected in the inoculated 
herbage were slightly in excess of the expected levels of 1.0 x 10 5 cfu g' herbage 
even when the indigenous LAB were taken into consideration. This discrepancy 
was thought to be due to the sampling technique and the difficulties of evenly 
mixing the inoculant and molasses. The inoculant level of the Lactomol and 
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SilCare II treatments were approximately the same. In contrast, of the herbage 
ensued in section 5.3, only the inoculation level of treatment SML was lower 
than expected. 
During the first 48 h of ensilage there was a rapid increase in the numbers of 
LAB recorded for all the silages in both sections 5.2 and 5.3. This was 
accompanied by a fall in the pH and WSC content, and an increase in lactic acid 
content of the silages. As discussed in section 4.4 the LAB utilize the WSC for 
growth and acid production, which accounts for the fall in the pH and WSC 
content (Bryan-Jones, 1969; Gibbs et al., 1950; Whittenbury, 1968; Wood, 
1961). As mentioned in section 1.1 for successful preservation to occur it is 
necessary for the pH of the silage to be less than 4.2 (Carpintero et al., 1969; 
Wieringa, 1966). Maximum counts of LAB were recorded after two d ensilage 
for all silages in each section. Analysis of the ensiled herbage in section 5.3 
indicated that maximum counts could be reached sooner with higher inoculation 
rates of SilCare II. In silage SMH maximum counts were obtained after 24 h 
ensilage. The results showed that the higher the inoculation level of SilCare II 
the sooner and to a greater extent the pH of the silage was reduced. 
Numerous studies have shown that increased application rates of an inoculant 
result in a more efficient silage fermentation. Heron (1985) added an inoculant 
containing L. plantarum and P. acidilactici to a mixture of Italian and perennial 
ryegrasses at the following rates; 1 x 10, 10 5 and 106  cfu g4 herbage, it was 
found that the fermentation was improved with increased inoculation rates. 
High inoculation rates of 1 x 108  cfu g- ' herbage improve the fermentation of 
silages more efficiently but they are too expensive to produce on a commercial 
scale (Seale, 1986). Ely and Moon (1982) used L. plantarum at lower 
inoculation levels of 1 x 106  and 107  when ensiling corn, alfalfa, sorghum and 
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wheat forages. They also found that the higher level of an inoculant had a 
greater beneficial effect on the fermentation than the lower level but both 
silages were well-preserved. Burghardi et al. (1980) ensued maize with a mixed 
inoculant applied at the rate of 4.5 x 104 and 2.25 x 105 cfu g-1 of herbage which 
resulted in an increased non-protein level with the higher inoculation rate. 
However, the cell wall constituents, acid detergent fibre and pH were not 
affected. Woolford and Sawczyc (1984) used inoculant rates of 1 x 10 3  and 106 
cfu g-' herbage but neither level showed any apparent improvement over the 
other. The lower rate was particularly ineffective due to the high level (1 x 10 
or 10 cfu g-1 herbage) of indigenous lactobacilli. Findings from other studies 
have shown little difference between the efficiency of ensilage when comparing 
two different inoculant levels (El Hag et al., 1982; Huber et al., 1983; Kung et 
al., 1984). Thorne (1981) stated that the addition of small numbers (2.0 x 102 
cfu g-' herbage) of lactobacilli was unlikely to improve the fermentation as 
lactobacilli are mainly active in the later stages of ensilage. However, the 
fermentation is more likely to be affected by insufficient numbers of LAB in the 
inoculant which are unable to dominate the epiphytic microflora rather than the 
organisms stage of active growth. 
The LAB counts from the control silages suggested that the growth of the 
epiphytic LAB was stimulated to the same extent as the inoculant LAB when 
they were applied at 1 x 105 cfu g4 herbage. However, in the control silages the 
pH was not reduced to the same extent as in the inoculated treatments. This 
indicated that majority of the epiphytic LAB were heterofermentative (Keddie, 
1959). To ensure successful preservation of a herbage it is essential that an 
inoculant contains sufficient numbers of homofermentative LAB to dominate 
the less efficient acid-producing epiphytic LAB, and suppress the growth of the 
Enterobacteriaceae and clostridia as rapidly as possible. The addition of an 
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energy source for growth and acid production is also advantageous (Henderson 
and McDonald, 1984; Ohyama et al., 1975b). 
The numbers of LAB recorded throughout the fermentation followed the 
pattern previously described in section 4.4 (Di Menna et al., 1981; Ely et al., 
1981; Gibson et al., 1961; Lindgren et al., 1983; Moon et al., 1981; Seale et al., 
1981; Stirling, 1951; Weinberg et al., 1988). In section 5.2 herbage ensued with 
any SilCare II treatment had the least number of LAB at the end of the ensilage 
period. A comparison of the SMD and SMM-treated silages showed that a 
quicker decline in LAB counts was recorded in SMD than in SMM. The broth 
treatment of SilCare II had a slightly higher number of LAB at the end of the 
fermentation but initially grew to a higher concentration. A decrease in the 
number of LAB once the pH is reduced to a stable level is desirable to prevent 
unnecessary utilization of the WSC. All silages treated with SilCare II had low 
LAB counts and large quantities of WSC remaining on the final sampling day. 
In comparison, herbage ensued with Lactomol had high LAB counts and 
approximately one tenth of the WSC content of the SilCare TI-treated silages 
although both started with similar WSC levels. The results suggested that 
herbage ensued with SilCare II compared to Lactomol should produce a silage 
with a better nutritive value as more energy in the form of sugars would be 
available for utilization by the rumen bacteria. After 48 h ensilage the ensiled 
herbage in section 5.3 showed a decrease in WSC content with increased 
inoculant levels, possibly due to the larger number of LAB utilizing the WSC. 
In both section 5.2 and 5.3 the control silages had the highest number of LAB 
and the least amount of WSC at the end of the fermentation indicating the 
silages were not as efficiently preserved (Seale et al., 1981). 
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As in previous experiments (section 5.1, 5.2, 5.3) the residual WSC, lactic acid 
and acetic acid in the silages were greater than could be accounted for by the 
initial WSC levels in the herbage. Additional substrate for the bacteria is 
thought to come from plant and acid hydrolysis of the hemicellulose fraction of 
the crops (Carpintero et al., 1969; Dewar et al., 1963; Morrison, 1979). 
Lucerne was again chosen for ensilage in the experiment described in section 
5.2 as it enables clearer comparisons between the efficiency of ensilage of the 
treatments to be made (section 4.4). The lucerne had a slightly lower buffering 
capacity, 445 mequiv kg-' DM than that recorded by Carpintero et at. (1969) for 
the same crop (470 mequiv kg-1 DM). 
The lucerne as ensued had a high DM content and a total-nitrogen content. 
Herbage ensued in section 5.3 had a low DM and a high total-nitrogen content. 
The WSC contents of the lucerne and .mixed grasses were 14.6 and 14.63 g kg -' 
FM respectively. Even on the addition of molasses WSC levels were well below 
the 25-30 g kg-1 FM recommended by Haigh and Parker (1985) for successful 
preservation. In silages of both section 5.2 and 5.3 the total-nitrogen and TDM 
levels remained similar throughout the ensilage period as no effluent was lost 
from the laboratory silos. 
As discussed (section 1.2.1 and 1.3) the presence of Enterobacteriaceae and 
members of the genus Clostridium are undesirable as they compete with the 
LAB for any available WSC which they metabolize to mainly acetic, butyric, 
formic, lactic and succinic acids, and 2,3-butanediol and small amounts of 
ethanol (McDonald, 1981; Wood, 1961; Woolford, 1984). As discussed in 
sections 1.2.1 and 1.3, both these microorganisms are responsible for the 
production of ammonia-nitrogen (Beck, 1978; Kemble, 1956; Woolford, 1984). 
The production of these substrates is undesirable for the reasons previously 
259 
discussed (section 1.2.1 and 1.3). Analysis of the silages described in section 5.2 
and 5.3 showed that both Enterobacteriaceae and clostridia were present. It 
was found that the numbers of Enterobacteriaceae and clostridia decreased in 
all the silages as the pH declined. This confirmed the findings of studies by 
other workers that the deleterious bacteria are inhibited by acidic conditions 
(Bryant et al., 1952; Gibson, 1965; Lindgren et al., 1985a; 1988; McDonald, 
1981). In section 5.2 the pH of the control and Lactomol-treated silages was 
above pH 4.5 after 48 h ensilage and this allowed the continued growth of the 
Enterobacteriaceae. Of the different freeze-dried SilCare II treatments. SMD 
reduced the pH sooner and consequently had a lower number of 
Enterobacteriaceae and a lower acetic acid level than treatment SMM. In 
section 5.3 the growth of the Enterobacteriaceae recorded for the silages was 
not inhibited during the first 24 h of ensilage due to the prevailing high pH of 
the silages. The results showed that with higher inoculation rates of SilCare II 
the Enterobacteriaceae were inhibited sooner. This was possibly because the 
enterobacteria are inhibited by low pH conditions (Lindgren et al., 1985a; 1988) 
which were achieved sooner in silages treated with higher inoculation levels of 
homofermentative LAB and out-competed by the LAB. This pattern was 
clearly shown after two d ensilage as the fall in Enterobacteriaceae counts 
mirrored the fall in pH recorded for the silages. 
In both section 5.2 and 5.3 silages described as having high Enterobacteriaceae 
counts were also found to have high acetic acid levels, and in the case of section 
5.3 high ethanol levels. This was expected as Enterobacteriaceae produce acetic 
acid and ethanol from WSC as discussed in section 1.3. A similar level of acetic 
acid remained in the silage throughout the fermentation. Silages with high 
acetic acid levels are undesirable for the reasons already mentioned (section 
1.3). In the later stages of ensilage, when no Enterobacteriaceae were detected 
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increases in acetic acid levels may have been due to the conversion of lactic acid 
to acetic acid by the LAB (Lindgren et al., 1990). 
In section 5.2 herbage ensued with SilCare II, regardless of its physiological 
state, was more successful at reducing the pH of the silages than Lactomol. 
Consequently the SilCare 11-treated silages had lower Enterobacteriaceae 
counts and a lower acetic acid contents. Throughout the fermentation slightly 
higher acetic acid levels were recorded for silage SMM compared to SMB and 
SMD, possibly due to the larger number of Enterobacteriaceae detected in this 
silage on sampling day 2. The results of silages described in both sections 
showed that the addition of a homofermentative inoculant to herbage reduced 
the amount of acetic acid thus confirming the findings of other studies (Heron, 
1985; Seale et al., 1982). 
The lactic acid to acetic acid ratios reported in section 5.2 showed that those 
silages treated with SilCare II had a larger ratio earlier in the ensilage period 
than silages C or LM. This was accounted for by the rapid production of lactic 
acid in the SilCare TI-treated silages during the first 48 h. The ratio recorded 
for silages C and LM was smaller mainly because of the presence of larger 
quantities of acetic acid rather than less lactic acid. Once a peak had been 
reached the ratio difference declined due to a reduction in the amount of lactiC 
acid present in the silages rather than to an increase in the acetic acid content. 
By the end of the fermentation silagé SMD had the highest ratio of lactic acid to 
acetic acid. 
The ratio of lactic acid to acetic acid increased with increased inoculation rate 
in the ensued herbage in section 5.3. The higher the inoculation rate the sooner 
the lactic acid to acetic acid ratio peaked and at a higher level. With the lower 
inoculation level of SilCare the ratio did not peak on sampling day 17, unlike 
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the other application rates, possibly due to the high acetic acid level recorded at 
this time. Throughout the fermentation the control had the lowest lactic acid to 
acetic acid ratio as it contained more acetic acid than the other treatments. 
The presence of propionic acid was only detected in those silages described in 
section 5.2 and did not appear to follow any particular pattern although a 
decline was noticed in silages C, LM and SMB towards the end of the 
fermentation. The production of propionic acid has been attributed to 
clostridial activity (Wood, 1961) but there appeared to be no correlation in this 
case. 
Lactate-fermenting clostridia (Gibson, 1965) e.g. C. butyricum were detected in 
the silages described in section 5.3 but not 5.2. As mentioned (section 1.2.1) 
clostridia are undesirable as they metabolize lactic acid to butyric acid, carbon 
dioxide and hydrogen causing a rise in the pH and they reduce the nutritional 
value of the silage by degradation of the amino acids (Gibson, 1965; Gibson et 
al., 1958; McDonald, 1981; Seale et at., 1982; Whittenbury, 1968; Woolford, 
1984). Clostridial growth is known to increase during the first stages of ensilage 
(Gibson et al., 1958) when the pH is relatively high, anaerobic conditions are 
rapidly being produced and there is sufficient cell sap available for their growth; 
this was reflected in the results. 
Clostridial activity was reduced quicker in those silages where acidic conditions 
were achieved sooner as they grow at an optimum of pH 7.0-7.4 (Gibson, 1965; 
McDonald, 1981). Growth persisted in the control silage due to the higher pH. 
However, the lactate-fermenting clostridia were only present in small numbers 
in all the silages and this prevented the total metabolism of the WSC and lactic 
acid, and inhibited the production of large amounts of butyric acid (McDonald, 
1981). 
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The breakdown of proteins during the early stages of ensilage is usually 
attributed to the action of plant proteases followed by degradation of the amino 
acids by the deleterious microorganisms (Beck, 1978; Kemble, 1956; 
MacPherson, 1952; Ohshima and McDonald, 1978; Woolford, 1984). This 
causes the production of ammonia-nitrogen which as discussed (section 1.2.1) is 
undesirable. The protein-nitrogen content of all the silages described in each 
section decreased during the ensilage period and was accompanied by a rise in 
ammonia-nitrogen levels. The rate of proteolysis was most rapid during the first 
48 h of ensilage and then declined as the pH of the silages decreased confirming 
the findings of other studies (Carpintero et al., 1979; MacPherson, 1952; 
McDonald and Edwards, 1976; Ohshima and McDonald, 1978). 
Ammonia-nitrogen production during ensilage is usually attributed to the action 
of the clostridia but no proteolytic clostridia were detected in any of the silages 
(section 5.2 and 5.3). Evidence from other studies suggests that 
Enterobacteriaceae and LAB can also be partially responsible for ammonia-
nitrogen production (Beck, 1978; Sneath et at., 1986; Woolford, 1984). In 
these ensilage studies the activity of the Enterobacteriaceae was highest during 
the early stages when ammonia-production was largest and when relatively high 
pH conditions were present. 
The results from silages described in both sections showed that proteolysis 
occurred to a greater extent in the untreated control as at the end of the 
fermentation these silages contained the least amount of protein-nitrogen and 
the largest amount of ammonia-nitrogen. This was possibly because the rate of 
pH decline in these silages was lower. Results described in section 5.2showed 
that at the end of the fermentation, although silage SMD had the largest 
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amount of protein-nitrogen and the least amount of ammonia-nitrogen, its 
protein-nitrogen content was not significantly different to that of silage SMM 
In each section all SilCare IT-treated silages had low ammonia-nitrogen levels 
(less than 80 g kg-1  TN) indicating that they were all well-preserved (Carpintero 
et al., 1969; Haigh and Hopkins, 1977; Wieringa, 1966). Levels recorded for 
the control silages in each section were higher, particularly in section 5.2, 
suggesting a less efficient fermentation. A comparison of the ammonia-nitrogen 
levels recorded (section 5.2) for the Lactomol and SilCare IT-treated silages 
showed that herbage ensued with SilCare II had an improved fermentation. 
The ammonia-nitrogen levels recorded in section 5.2 on the final sampling day 
showed silage treated with SMD contained significantly less ammonia-nitrogen 
than that treated with SMM. 
Throughout the fermentation it was observed that herbage ensued with 
increasing application rates of SilCare II (section 5.3) resulted in silages with 
decreasing ammonia-nitrogen levels. It was, therefore, concluded that the rate 
of proteolysis and amino acid degradation decreased with increasing inoculation 
levels of SilCare II. This was possibly because of the pH being reduced sooner 
(section 1.2.1 and 1.3) resulting in the rate of proteolysis decreasing and the 
activity and/or numbers of the Enterobacteriaceae declining. 
The role of yeasts in silage has been discussed in section 1.10. In section 5.2 it 
was reported that yeast numbers in all the silages fell during the first 48 h of 
ensilage, possibly due to the accumulation of fermentation acids (Beck, 1978; 
Middelhoven and Frazen, 1986) rather than the low pH (Jonsson and Pahiow, 
1984). Yeasts are known to ferment WSC to ethanol and acetic acid under 
anaerobic conditions (Kibe and Kagura, 1976; Kibe et al., 1977; Woolford, 
1976). Throughout the ensilage the acetic acid and ethanol levels of the control 
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and Lactomol-treated silages described in section 5.2 were higher than the 
SilCare TI-treated silages but the yeast counts recorded were similar to those of 
the treatments SMB, SMD and SMM. This indicated that other factors were 
possibly contributing to the acetic acid and ethanol levels. Henderson et at. 
(1972) stated that the amount of ethanol in a silage was too high to be derived 
from yeast fermentation alone and may be a by-product of the heterolactic 
fermentative LAB. However, in this case it is more likely that the 
Enterobacteriaceae were responsible as they were present in large numbers. 
Enterobacteriaceae are known to produce acetic acid (Wood, 1961) and ethanol 
(S. J. E. Heron pers. comm.) and higher Enterobacteriaceae counts were 
recorded in the control and Lactomol-treated silages compared to the SilCare 
TI-treated silage. 
A shift in the predominant yeast population from the bottom-growing or 
sedimentary yeasts (section 1.9) to those yeasts that utilize lactate was observed 
once the lactic acid levels peaked in the silages described in sections 5.2 and 5.3, 
confirming the findings of other studies (Burmeister and Hartman, 1966; 
Burmeister et al., 1966). Lactate-assimilating yeasts are mainly responsible for 
the aerobic deterioration of silage which has been discussed in section 1.10 
(Jonsson and Pahiow, 1984; Pahlow, 1982). The higher the number of lactate-
assimilating yeasts within a silage, particularly if the level is greater than 1 x iO 
yeasts g' herbage DM the more prone a silage will be to aerobic deterioration 
((Daniel et at., 1970; Jonsson and Pahlow, 1984; Pahiow, 1982). In all the 
silages the lactate-assimilating yeast counts were below the critical value 
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6.0 Introduction. 
A study by Wilson and Wilkins (1972) on the 'Evaluation of laboratory ensuing 
techniques' indicated that the fermentations which occurred in polythene bags 
(6 kg FM capacity), test-tube silos (100 g FM capacity) and PVC silo bags 
(1 tonne FM capacity) agreed closely with each other. However, certain 
reservations were expressed. Crops which ensile satisfactorily in laboratory silos 
may not necessarily yield satisfactory silages on a farm scale but those crops 
which ensue badly under laboratory conditions will not ensile successfully on a 
farm scale. 
Differences may occur in laboratory silos compared to farm scale silos due to 
the preparation of the material prior to ensuing ie. whether or not it was passed 
through a forage harvester. To compare farm silages accurately it is essential to 
ensure that the inoculated and control silages have been made from alternate 
loads of the same crop, that the crop has undergone a similar chopping 
treatment and that there has not been cross-contamination from the inoculated 
to the control forage (Seale, 1986). The principal differences between 
laboratory and bunker silos lie in the length of time taken to ensue the crop, in 
oxygen penetration and in temperature rise. Increased length of filling time 
allows prolonged expose to air and consequently plant enzyme activity which 
causes respiration to continue longer and results in the production of heat 
(McDonald, 1981). The increase in temperature may affect the microflora of 
the herbage or silage. 
On previous occasions (chapter 4.0 and 5.0) laboratory silos provided adequate 
evidence for the selection process during the improvement of the inoculant, 
SilCare II. However, it was felt that a more accurate comparison of the ensiling 
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capabilities of the inoculant could be achieved if the ensuing conditions 
resembled more closely those of the farm situation. 
The preliminary aim of this set of experiments was to determine whether 
SilCare II could ensue large quantities of herbage more efficiently than 
Lactomol (section 6.1). Further evaluation of the quality of the resultant silages 
was determined by animal trials as ultimately silage is an animal feedstuff. The 
silages were offered to sheep to study digestibility (section 6.2), intake and 
weight gain (section 6.2). 
6.1 Analysis of silages produced by the addition of SilCare II or 
Lactomol. 
The efficiency of ensilage of freeze-dried SilCare II was compared with 
Lactomol and an untreated control. As in the previous experiments SilCare II 
and Lactomol were applied with molasses at the rate of 9 ml kg' FM. This gave 
three treatments (Table 6.1.1); untreated control (C), SilCare II (SM) and 
Lactomol (LM). 
Table 6.1.1 Treatments applied to the herbage. 
CODE 	 TREATMENT 
C 	 Untreated control. 
SM 	 SilCare II. 
LM 	 Lactomol. 
Investigations were carried out on mixed grass sward comprising perennial 
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ryegrass (94%) and couch grass (6%) with a trace of annual meadow grass. The 
grass was cut in the evening of 18 July, 1988, with a mower and lifted in the 
morning of 19 July, 1988, with a precision chop forage harvester. The weather 
remained dry overnight with some drizzle in the morning but became brighter 
later in the day. Sufficient herbage was cut to allow for bunker and laboratory 
silo experiments to run concurrently. Identical herbage and inoculants were 
used in both types of silo experiment. The use of laboratory silos allowed any 
changes that occurred during ensilage to be studied and to be related to the 
processes occurring in the bunker silos without disturbing the silage mass. 
The inoculants were prepared in accordance with section 2.6.1 and 2.6.3, and 
applied as described in section 2.7. The silages were prepared as described in 
section 2.8.2 by placing a layer of herbage in the silo followed by a layer of 
molasses and inoculant. Herbage was loaded alternately into the silo to 
minimise the effect on the fermentation due to changes in the herbage during 
the filling process;. Herbage and silages were analysed for chemical 
composition and microbial flora as described in section 2.9. SilCare II and 
Lactomol were both applied at the inoculant rate of 1 x 10 cfu g' herbage to be 
ensued. Laboratory silos and three terylene net bags were filled with grass 
taken from the heap on the first day and treated separately. The other three 
terylene net bags were filled after 24 h. 
6.1.1 Analysis of inoculants. 
The culture concentration of the inoculants was established as previously 
described in section 2.6. Analysis of Lactomol indicated that it contained 1.5 x 
10 cfu g-' which gave an inoculant level of 7.1 x 10 cfu g' herbage to be 
ensued. The concentration of the freeze-dried constituent cultures of SilCare II 
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were 2.4 x 1011 cfu g4 and 5.5 x 1010  cfu g 1 for L71 and P826 respectively. The 
cultures were rehydrated and diluted using Ringer solution to concentrations of 
4.0 x 108  cfu ml- ' and 1.1 x 108  cfu m1' for L71 and P826 respectively. Mixing 
equal quantities of the two diluents gave a culture concentration of 2.6 x 108  cfu 
ml-1 with a ratio of 3.6 L71 cells to every one P826 cell. The inoculant rate of 
SilCare II was 1.1 x 10 cfu g - ' herbage to be ensued. 
6.1.2 Chemical changes during ensilage. 
The composition of the herbage used for all the treatments in the laboratory 
and bunker silos is given in Table 6.1.2 and 6.1.3. The herbage used in the 
control for the laboratory silos had the following composition at the time of 
ensuing: 0DM, 193 g kg-1 FM; WSC content, 141 g kg - ' DM; total-nitrogen, 
32.2 g kg-' DM; crude protein, 201 g kg 1 DM and a protein-nitrogen content of 
829 g kg- ' TN. For the bunker silo experiment the composition of the herbagé 
used in the control was as follows: 0DM, 193 g kg-1 FM; WSC content, 126 g 
kg-1 DM; total-nitrogen, 34.3 g kg -1 DM; crude protein, 214 g.kg- 'DM and a 
protein-nitrogen content of 829.g kg - ' TN. Overall the herbage had a low DM 
content, a high total-nitrogen content, a low MAD fibre content and a buffering 
capacity of 370 mequiv kg-' DM. Slight fluctuations were recorded between the 
chemical composition of the herbage ensiled in the laboratory and bunker silos. 
In laboratory silos the WSC constituted 2.7% of the fresh control herbage. The 
addition of molasses to the herbage caused an increase in the WSC content of 
the fresh material to 2.8% and 3.0% for treatments SM and LM respectively. 
Analysis of the WSC content recorded for treatments SM and LM showed that 
they were higher in the herbage ensued in the bunker silos than in the 
laboratory silos due to poor sampling technique used. The pH value of an 
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Table 6.1.2 Chemical composition of herbage prior to ensilage in 
laboratory silos. 
Chemical parameter Treatment and Value 
C SM LM 
Oven dry matter 193 197 205 
(g kg-1 FM) 
Water soluble carbohydrates 141 143 148 
(gk 1 DM) 
Total-nitrogen 32.2 33.6 33.4 
(gkg4DM) 
Crude protein 201 210 209 
(gkg4DM) 
Protein-nitrogen 829 791 806 
(g kg 1 TN) 
pH 6.09 6.18 6.12 
Buffering capacity 370 420 467 
(mequiv kg-1 DM) 
Modified acid detergent fibre 248 198 214 
(gkg-'DM) 
For treatment definition see Table 6.1.1. 
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Table 6.13 Changes in the chemical composition of herbage (as 
ensued) during the length of time taken to fill the silos. 
Chemical Filling Treatment and Value 
parameter Time (h) C SM LM 
Oven dry matter 0 193 211 218 
(g kg-1 FM) 24 190 233 244 
Water soluble carbohydrates 0 126 196 207 
(g kg-1 DM) 24 84 161 141 
Total-nitrogen 0 34.3 30.3 28.2 
(g kg-1 DM) 24 33.9 27.9 27.0 
Crude protein 0 214 189 176 
(gkg-' DM) 24 212 174 169 
Protein-nitrogen 0 829 791 806 
(g kg-1 TN) 24 702 651 647 
pH 0 6.09 6.18 6.12 
24 5.45 5.46 5.60 
Buffering capacity 0 370 384 413 
(mequiv kg-1 DM) 24 553 530 603 
Modified acid detergent fibre 0 248 198 214 
(gkg4 DM) 24 252 202 190 
For treatment definition see Table 6.1.1. 
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aqueous macerate of the control herbage was approximately 6.09 (Table 6.1.2 
and 6.1.3). 
Changes in the chemical composition of the herbage during the length of time 
taken to complete filling the bunker silos are shown in Table 6.1.3. All silages 
were analysed after the addition of the treatments. During the filling process 
the WSC, protein-nitrogen and pH values declined in all the treatments. The 
buffering capacity of all the silages rose throughout the silo filling time. 
Dry matter losses in the bunker silos, including those from respiration, 
fermentation and effluent were estimated using the buried bag technique. Six 
terylene net bags were filled with a known weight of grass of known DM content 
and ensued at random in the bunker silos. As the bunker silos were emptied 
the bags were removed, weighed and the pH and DM content determined. The 
DM losses were as follows: untreated control, 75 ± 11.1 g kg -' DM ensiled; 
Lactomol-treated, 31 ± 32.9 g kg-1 DM ensued; SilCare II-treated, 81 ± 16.1 g 
kg-' DM ensued. The pH values of the silages in the bags are given in Table 
6.1.4. 
Table 6.1.4 The pH value recorded for the silages in the terylene net 
bags ensued in the bunker silos. 
Treatment 
C SM LM 
4.35 4.52 4.03 
4.01 4.68 3.93 
4.42 4.21 3.99 
4.60 4.50 4.34 
4.48 4.38 4.52 
4.68 . 	 4.36 4.17 
Throughout the ensilage period effluent from the bunker silos was collected and 
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the pH determined. The pH of the effluent is given in Table 6.1.5. 
Table 6.1.5 The pH of the effluent from the bunker silos. 
Sampling Treatment 
day C SM LM 
2 	(am) 4.37 4.27 4.28 
(pm) 4.28 4.22 4.22 
3 4.17 4.13 4.10 
6 3.99 3.98 3.94 
7 4.00 4.00 3.99 
8 4.00 4.04 3.98 
9 3.96 3.97 3.92 
10 4.04 4.06 4.01 
13 3.91 3.92 3.97 
14 3.97 3.97 3.92 
15 3.89 3.97 3.90 
The laboratory silos were used to show the changes which take place in the 
silage throughout the fermentation and to compare the end products. The 
changes in the chemical composition of the silages in the laboratory silos after 
one, two, seven, 20, 50 and 112 d ensilage are shown in Table 6.1.6 and Figure 
6.1.1. The composition of the silages on each sampling day were calculated 
using the 0DM of the grass as ensued. Higher DM contents were recorded for 
those herbage samples treated with molasses due to its high DM content (721 g 
kg-1 FM). Any fluctuations in the TN content of a silage treatment between 
subsequent sampling days were non-significant (P > 0.05) with the exception of 
those in the control silages between day 20 and 50 (P < 0.05) and silage SM 
between day one and two (P < 0.001). 
Within the first 48 h of ensilage the pH of all the silages declined rapidly, 
followed by a more gradual decline during the remainder of the ensilage period. 
The pH of silage SM was reduced the soonest and by the greatest extent and 
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Table 6.1.6 Composition' of laboratory silages ensued with different 
treatments" assessed over 112 d. 
Sample Chemical Treatment" 
Day Parameter' C SM LM 
1 pH ND ND ND 
2 4.37 4.30 4.41 
7 4.11 3.97 4.10 
20 3.96 3.93 4.01 
50 3.94 3.91 4.06 
112 3.91 3.90 4.03 
SED" 	= 0.013 
1 TN 29.2 39.2 34.8 
2 g kg-1 DM 31.0 35.4 32.3 
7 31.5 33.8 31.9 
20 33.5 32.2 34.2 
50 30.8 34.5 32.2 
112 31.2 34.3 32.3 
SED = 1.14 
1 PN ND ND ND 
2 g kg4 TN 702 651 647 
7 460 453 426 
20 327 369 380 
50 373 349 381 
112 384 344 392 
SED = 24.4 
1 WSC 122 140 131 
2 gkg-'DM 59 64 103 
7 49 50 29 
20 22 23 14 
50 22 25 7 
112 4 12 0 
SED = 2.5 
1 VN 25 21 15 
2 gkg-iTN 37 36 29 
7 67 46 48 
20 66 60 62 
50 75 59 73 
112 73 60 68 
SED = 4.9 
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Table 6.1.6 (cont) Composition of laboratory silages ensued with 
different treatments assessed over 112 d. 
Sample Chemical Treatment 
Day Parameter C SM LM 
1 EtOH 3.00 2.50 3.00 
2 g kg-i DM 3.00 3.00 2.50 
7 2.00 2.50 3.00 
20 3.00 4.00 5.00 
50 3.60 3.70 4.10 
112 3.95 4.05 4.25 
SED = 0.412 
1 AA 10.0 10.0 10.0 
2 g kg-1 DM 12.0 .13.0 13.0 
7 14.0 14.5 16.0 
20 22.5 20.0 23.0 
50 20.0 16.0 21.5 
112 24.5 19.0 27.0 
SED = 0.82 
1 LA 38 40 15 
2 gkg4DM 50 57 27 
7 109 129 99 
20 140 111 127 
50 129 135 138 
112 144 130 126 
SED = 11.7 
1 PA 0.00 0.00 0.00 
2 g kg-i DM 0.00 0.00 0.00 
7 0.00 0.00 0.00 
20 0.95 1.50 1.75 
50 0.00 0.00 0.00 
112 0.85 0.25 0.30 
SED = 0.173 
KEY 
Chemical 	0DM - 	Oven dry matter. 	EtOH- Ethanol. 
Parameter TN 	- Total-nitrogen. AA 	- Acetic acid. 
PN - 	Protein-nitrogen. 	LA - Lactic acid. 
VN 	- Ammonia-nitrogen. PA 	- Propionic acid. 
ND - 	Sample not analysed. 
WSC 	- Water soluble carbohydrates. 
For treatment**  definition see Table 6.1.1. 
SED 	- standard error of the difference of the means between means of columns and 
rows. Based on 2-way analysis of variance. 
276 
Figure 6.1.1 J-Iistogram representation of the chemical composition of 
laboratory silages ensued with different treatment over 112 d. 
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Figure 6.1 .1 (cont.) Histogram representation of the chemical composition 
of laboratory silages ensued with different treatments over 112 d. 
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For treatment definition refer to Table 6.1.1. 
remained the lowest of all the silages (P. < 0.001) throughout the fermentation. 
Apart from sampling day 2 silage LM had the highest pH during the ensilage 
period. On the final sampling day silages C and SM had similar pH values with 
silage LM having a higher (P < 0.001) pH than either of them. 
In the laboratory silos the WSC content of all the silages fell during the 
fermentation from a grass mean of 144 g kg -1 DM to a silage mean of 5.3 g kg-' 
DM on sampling day 112. The overall mean results for each silage treatment 
showed that silage SM had a significantly (P < 0.001) higher WSC content than 
silages C and LM. The lowest overall mean .result was recorded for the control 
but was not significantly different from LM (P > 0.05). The WSC content only 
fell slightly in the first 24 h of ensilage. However, by 48 h the WSC content of 
the silages had fallen dramatically particularly in silages C and SM resulting in 
similar WSC levels. By sampling day 7 the WSC level of silage LM had fallen 
below (P < 0.001) that of silages SM and C, which contained similar amounts of 
WSC. Thereafter, the WSC levels of the silages declined gradually to the end of 
the fermentation. On the final sampling day SilCare TI-treated silage contained 
more WSC than either the control (P < 0.01) or the Lactomol-treated silage 
(P < 0.001). At the end of the preservation there was no WSC detected in the 
Lactomol-treated silage. 
The lactic acid content of all the silages increased throughout the ensilage 
period. The most dramatic increase was between sampling days 2 and 7. The 
control and silage SM had similar overall mean contents of lactic acid with 
Lactomol-treated silage having the lowest (P < 0.05) overall mean content. 
During the first seven d of ensilage, the SilCare II and Lactomol-treated silages 
had the highest and lowest lactic acid content respectively, and were 
significantly different from each other (P < 0.05). In silages LM and SM a peak 
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in the lactic acid content was recorded on sampling day 50. The maximum lactic 
acid content was not recorded in the control until the final sampling day. In 
contrast, declining lactic acid levels were recorded for silages SM and LM on 
the final sampling day. At the end of the fermentation silages SM and LM 
contained similar lactic acid levels. 
During ensilage the acetic acid levels increased in all the silage (Figure 6.1.1). 
Until sampling day 7 the acetic acid content of the silages were similar 
(P > 0.05), except between silages C and LM on sampling day 7 (P < 0.05). 
After 20 d ensilage a distinct pattern was developing (Figure 6.1.1) which 
eventually led on the final sampling day to silages LM and SM having the 
highest and the lowest acetic acid levels respectively. On sampling day 112 
silage treated with SilCare II contained less acetic acid than either the control 
silage or silage LM (P < 0.001) but LM contained more acetic acid than the 
control (P < 0.01). The mean ratios of lactic acid to acetic acid for the 
laboratory and bunker silages are shown in Table 6.1.7 and in each silage 
treatment the ratio peaked on sampling day 7, although a slightly higher ratio 
was recorded for silage LM on sampling day 50. At the end of the fermentation 
silage LM had the smallest lactic acid to acetic acid ratio. 
During the initial stages of ensilage no propionic acid was detected in any of the 
silages. However, by sampling day 20 small traces were present in all the 
silages. Lactomol-treated silages had the most and the control the least amount 
of propionic acid. On sampling day 112 the amount detected in all the silages 
had decreased, the SilCare IT-treated silage having least but not significantly less 
than that of silage LM (P > 0.05). No butyric acid was detected in any of the 
silages in the laboratory silos on any of the sampling days. 
The protein-nitrogen contents decreased most rapidly during the first seven d of 
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Table 6.1.7 Ratio of lactic acid to acetic acid in the silage in the 
laboratory and bunker silos. 
Silo Sample Treatment 
Type Day C SM LM 
Laboratory 1 3.80 4.00 1.50 
2 4.17 4.38 2.08 
7 7.78 8.89 6.19 
20 6.22 5.55 5.52 
50 6.45 8.44 6.42 
112 5.88 6.84 4.67 
Bunker 112 1.91 2.28 2.38 
For treatment definition see Table 6.1.1. 
ensilage then remained fairly constant. After 48 h ensilage the protein-nitrogen 
level had only decreased slightly and only treatment LM containing significantly 
(P < 0.05) less protein-nitrogen than the control. By sampling day 7 the 
protein-nitrogen contents of all the silages had fallen with silage LM containing 
the least. At sampling day 20 silages C and LM were significantly different from 
each other (P < 0.05) but Lactomol-treated silage contained the highest amount 
of protein-nitrogen. Thereafter, the silages were not significantly different 
(P > 0.05) from each other. At the end of the fermentation silages LM and SM 
contained the largest and the smallest amount of protein-nitrogen respectively. 
The ammonia-nitrogen content of all the silages increased during the 
preservation until sampling day 50 when they remained similar (Table 6.1.5). 
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The ammonia-nitrogen content of the silages on each sampling day did not 
exceed 75 g kg- ' TN. The untreated control had the highest ammonia-nitrogen 
content of all the silages on each sampling day (Figure 6.1.1). From sampling 
day 7 onwards the SilCare 11-treated silage had the lowest ammonia-nitrogen 
content (Figure 6.1.1) but it was only on sampling day 50 that it differed 
significantly (P < 0.05) from the Lactomol-treated silage. At the final opening 
the highest and lowest ammonia-nitrogen levels were recorded for silages C and 
SM respectively. 
The average ethanol content of all the silages during the ensilage period was 
low at 3.34 g kg- ' DM. The ethanol content of all the silages increased over the 
112 d ensilage period. After sampling day 2, Lactomol-treated silage contained 
slightly more ethanol than the other silages but was only significantly different 
from the control on sampling days 7 (P < 0.05) and 20 (P < 0.001). Silage LM 
only contained significantly more (P < 0.05) ethanol than silage SM on 
sampling day 20. 
6.1.3 Microbial changes during ensilage. 
The concentration of epiphytic LAB detected on the herbage to be ensued in 
both silos was 2.9 x 105 cfu g-1 herbage (Table 6.1.8). The results showed that of 
the epiphytic LAB isolated only 6.% were streptococci and the remainder were 
lactobacilli and/or pediococci. Inoculation of the herbage with SilCare II or. 
Lactomol caused an increase in the LAB concentration to 5.7 x 10 and 1.2 x 106 
cfu g- ' herbage respectively. The expected concentration of LAB on the 
herbage treated with SilCare II or Lactomol was 4.0 x 10 5 or 3.6 x i0 cfu g' 
herbage respectively. The concentration of the epiphytic Enterobacteriaceae, 
clostridia and yeasts on the herbage to be ensued was 2.9 x 106,  2.3 x 102 and 
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Table 6.1.8 Number of microorganisms of various groups*  (cfu g-' 
material) isolated from herbage ensued with different t reatments ** 
over 112 d period in laboratory silos. 
Sample Microbial Treatment 
Day group C SM LM 
o ENT 2.9 x 106 ND ND 
2 3.9 x 106 5.1 x 105 1.0 x 106 
7 3.0 x 101 5.0 x 102 0 
20 0 0 0 
50 0 0 0 
112 0 0 0 
0 CLOS 2.3x102 ND ND 
2 9.1 x 101 9.1 x 101 7.3 x 10'- 
7 9.1 x 101 9.1 x 101 3.6 x 101 
20 0 0 0 
50 0 0 0 
112 0 0 0 
0 LAC 2.7x 105 ND ND 
and PED 
0 LAB 2.9 x 105 5.7 x 105 1.2 x 106 
2 1.8 x 109 2.3 x 109 2.5 x iO 
7 1.0 x 109 8.9 x 108 1.0 x io 
20 1.7 x 108 2.5 x 108 2.7 x 108 
50 6.6 x 10 9.2 x 106 1.0 x 108 
112 2.0 x 107 3.9 x 106 5.2 x 107 
0 YST 9.0x 103 ND ND 
2 8.3 x 102 2.2 x 103 1.1 x io 
7 6.0 x 103 5.5 x 103 4.0 x iO 
20 1.2x 103 6.1x 102 2.9x iO 
50 1.8x103 1.0x104 3.1x108 
112 8.3 x 102 4.2 x 103 3.7 x 103 
50 LAY 1.7x 103 9.1x 108 3.2x 103 
112 1.1 x 103 4.8 x 103 3.6 x 103 
I 1 
Microbial 	ENT 	- 	Enterobacteriaceae. 
group? CLOS - Clostridia. 
LAC and PED - 	Lactobacilli and pediococci. 
LAB 	- Lactic acid bacteria. 
YST - 	Yeasts. 
LAY 	- Lactate-assimilating yeasts. 
For treatments** definition see Table 6.1.1. 
Counts are based on pooled samples from triplicate silos. 
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9.0 x 103 cfu g-1 herbage respectively 
The microbial composition of the herbage used for the bunker silos changed 
during the time taken to complete the ensuing process. The epiphytic LAB 
increased from 2.9 x 10 to 4.0 x 109 cfu g 1 herbage to be ensued. Counts on the 
TAA plates increased to 1.5 x 10 9 cfu g' herbage indicating that the proportion 
of streptococci in the epiphytic LAB population increased from 6.9% to 62.5%. 
The number of epiphytic Enterobacteriaceae and yeasts both increased to levels 
greater than 108 cfu g' herbage and 1.6 .x 10 5 cfu g4 herbage respectively, 
whereas the clostridial counts remained unaltered. The numbers of LAB 
detected on the herbage treated with SM and LM were only slightly higher than 
the epiphytic LAB counts on the control. However, due to the length of time 
taken for the ensuing process to be completed, the number of LAB recorded in 
the herbage at the end of the process increased to greater than 10 9 cfu g' 
herbage. 
The changes in the microbial composition of the silages in the laboratory silos 
throughout the fermentation are shown in Table 6.1.8 and Figure 6.1.2. During 
the first 48 h of ensilage the number of LAB increased rapidly in all the silages 
including the control, but thereafter a decline was recorded. The number of 
LAB in the SilCare IT-treated silage decreased the soonest and by the greatest 
extent. On the final sampling day silages SM and LM had the lowest and 
highest number of LAB respectively. 
In the first 48 h of ensilage an increase in the number of Enterobacteriaceae 
was recorded in the untreated control while the number of Enterobacteriaceae 
declined slightly in the inoculated treatments (SM and LM). By sampling day 7 
no Enterobacteriaceae were detected in the Lactomol-treated silage and only 
small numbers were present in the control and silage SM. No 
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Enterobacteriaceae were detected in any of the silages after sampling day 7. 
Throughout the fermentation only lactate-fermenting clostridia were detected. 
Clostridial counts declined within 48 h of the fermentation commencing. On 
both sampling day 2 and 7 slightly fewer clostridia were detected in the 
Lactomol-treated silages compared to the other treatments. By sampling day 20 
no clostridia were detected in any of the silages. 
Yeast counts in all the silages were less than 1 x 10 5 cfti g4 DM, except for 
silage LM on sampling day 7. Throughout the ensilage period there was little 
difference between the yeast counts recorded for each silage on any sampling 
day. In the SilCare TI-treated silage the yeast counts gradually increased until 
the final sampling day when a decline was recorded. Silage LM had increasing 
yeast counts until sampling day 20 when a fall in numbers was recorded. On the 
final sampling day the control contained the most and silage SM contained the 
least number of yeasts. The majority of the yeasts detected on the final two 
sampling days were lactate-assimilating. 
6.1.4 Summary. 
On the control herbage the WSC level was high and consequently this resulted 
in high LAB counts and a well-fermented control silage. At the end of the 
ensilage period the lowest LAB counts and highest WSC levels were recorded 
for silage SM. The pH of silage SM in the laboratory silos was reduced the 
quickest and to the greatest extent, and remained the lowest of all the silages 
throughout the fermentation. However the pH values of the silages from the 
terylene net bags buried in the bunker silos suggested that the Lactomol-treated 
silage had a lower pH. There was little difference in the Enterobacteriaceae 
counts recorded for each treatment. Although the number of 
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Enterobacteriaceae were reduced first in silage LM higher acetic acid levels 
were still detected in this silage. The protein-nitrogen levels were similar for 
each silage on the final sampling day and silage SM contained less ammonia-
nitrogen than the other silages but all were well-preserved. Furthermore, the 
possibility of aerobic deterioration occurring due to the lactate-assimilating 
yeasts was low as all the silages had lactate-assimilating yeast counts below the 
critical value of 1 x 10 cfu g -1 DM. 
Herbage ensiled in the laboratory silos with treatments SM and LM produced 
silages of a similar quality. Treatment SM appeared to dominate the epiphytic 
LAB more successfully than treatment LM. 
6.2 Nutritional analysis of the silage by lamb trials. 
Results from the laboratory silos (section 6.1) indicated that there was little or 
no difference between the quality of each of the silages implying that there 
would be little difference between the equivalent silages in the bunker silos. 
The nutritional value of these silages was investigated in a digestibility trial and 
in an intake/performance trial carried out by Mr David H. Anderson of the 
Nutrition Department of the Edinburgh School of Agriculture, Edinburgh. The 
silages were each offered to eight gFey faced wether lambs borne in March 1988, 
and 8-9 months old at the start of the trials. 
Prior to the start of the intake trial all the lambs were offered the same silage 
for 19 d which was different from any of the experimental silages. The intake 
trial assessed the amount of silage a lamb consumed daily. Each lamb was 
allocated a total daily ration of silage, 10% in excess of what it had eaten the 
previous day, given in two feeds, one in the morning and one in the late 
afternoon. The following morning the refusals ie. the unconsumed silage was 
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collected and weighed. From this the amount of silage eaten by each lamb and 
the ration for that day were calculated. The lambs were weighed weekly in the 
morning to minimize the effect of gut-fill. 
Digestibility trials were carried out to determine the amount of silage 
apparently digested by the lambs and the energy which was metabolized. The 
amount of silage consumed and faeces produced was measured daily. The 
faeces was collected in a bag attached by a harness to the lamb. Samples of 
silage as fed and faeces were collected over a ten-day period, subsampled and 
analyzed. Urine was collected over the same ten-day period, acidified to pH 2-3 
to prevent loss of ammonia-nitrogen, weighed and subsampled for analysis of 
total-nitrogen, DM, organic matter and gross energy. Four lambs were used for 
each silage. 
6.2.1 Results 
The chemical and microbial composition of the grass as ensued is given in 
Tables 6.1.3 and 6.1.8. The silage as offered in the animal trials had been 
ensued in bunker silos for a minimum of 112 d before it was used. The 
chemical composition of the silages as offered in the animal trials is given in 
Table 6.2.1. All the silages had high total-nitrogen, low WSC and quite high 
protein-nitrogen contents. The silages in the laboratory and bunker silos had 
similar total-nitrogen levels. A lower WSC level was recorded for the control 
silage in the bunker silo than in the laboratory silo. In both types of silo silage 
SM contained the most residual WSC. Higher protein-nitrogen and ammonia-
nitrogen levels were recorded for each silage in the bunker silos. All the 
ammonia-nitrogen levels were less than 100 g k 1  TN. Silages in the bunker 
silos contained slightly more ethanol than those in the laboratory silos 
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Table 6.2.1 Silages as offered to the lambs in intake 1 live-weight gain 
and digestibility trials. 
Chemical Treatment 
C SM LM 
Parameter Intake Digestibility Intake Digestibility Intake Digestibility 
pH 4.27 4.24 4.24 4.22 4.26 4.27 
Oven dry ND 195 ND 200 ND 198 
matter 
(g kg-1) 
Toluene dry 192 191 199 198 198 201 
(matter 
gkg-i) 
Total-nitrogen 33.7 34.9 33.3 36.8 34.9 32.1 
(g kg-1 DM) 
Water soluble 4 0 8 3 6 3 
carbohydrate 
(g kg-1 DM) 
Protein- 451 416 429 466 480 414 
nitrogen 
(g kg-1 TN) 
Ammonia- 95 83 98 77 95 87 
nitrogen 
(g kg-1 TN) 
Ethanol 6 7 7 7 6 6 
(g kg-1 DM) 
Lactic acid 86 93 96 84 95 97 
(g kg-1 DM) 
Acetic acid 45 32 42 36 40 33 
(g kg-1 DM) 
Propionic acid 3 3 3 3 4 3 
(g kg-1 DM) 
Butyric acid 1 0 3 1 2 1 
(g kg-1 DM) 
Buffering 1418 1284 1419 1336 1450 1124 
capacity 
(mequiv kg-' DM) 
Organic matter / 895 / 896 / 897 
(g kg-1 DM) 
Gross energy / 20.1 / 19.4 / 19.3 
(M J kg-1 DM) 
For treatment definition see Table 6.1.1. 
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but the level was still low. In all the bunker silages higher levels of acetic, 
propionic and butyric acids were recorded than in the laboratory silos. All the 
silages had high buffering capacities at the end of the ensilage period. The 
buffering capacity and ammonia-nitrogen levels were higher in the silages 
offered in the intake/performance gain trial than in the digestibility trial. 
The dry matter intakes and live-weight gains of the lambs are shown in Table 
6.2.2. High DM intake values were recorded for each treatment. The amounts 
of each silage consumed by the lambs were similar, although sligtitly hIgher intàkë' 
values were recorded for the treated silages compared to the untreated control. 
The live-weight gains were also high for each treatment reflecting the high DM 
intakes. Although lambs offered silage SM gained slightly more weight than 
those lambs offered silages C and LM the difference was not significant (P > 
0.05). 
The results from the digestibility study are shown in Table 6.2.3. The amount of 
silage consumed by the lambs was similar to that in the intake trial. 
Approximately 75% of the DM, 77% of the organic matter and 75% of the 
energy within all the silages was apparently digested. The average amount of 
digested organic matter from the silages was 686 g kg - ' DM. There were 
significant differences in the digestibility coefficient of the crude protein and in 
the digestible crude protein values recorded for the silages. The amount of 
nitrogen retention was greatest in lambs offered silage SM, whereas those lambs 
offered silage LM retained least nitrogen. The nitrogen retention by lambs fed 
silage SM was significantly higher than lambs fed silage LM. The digestible 
energy of silage LM was significantly lower than the digestible energy of the 
control silage (P < 0.05). Similarly, the metabolizable energy value recorded 
for silage LM was significantly lower than that recorded for the control silage. 
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Table 6.2.2 Silage intake and live-weight gain by lambs. 
Parameter Treatment 
C SM LM 
Dry matter 
intake 890 989 985 
(g day-')* 
SED = 67.0 
Expected dry 
matter intake 847 949 1022 
(g day-') 
DMIEO.75* 59.0 64.5 65.6 
Live-weight 
gain 125.9 129.3 125.9 
(g day- ') *  
SED = 23.02 
Metabolizable 10.76 11.54 11.37 
energy intake 
(MJ day') 
For treatments see Table 6.1.1. 
DMI° 75 - Dry matter intake kg-0 .75  of live-weight of animal which is a correction factor 
to allow various animal sizes to be compared. 
* - values adjusted for covariant period when all sheep were fed the same silage for 19 d 
which was different from any of the experimental silages. 
Expected DM intake calculated from equation on p  303. 
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Table 6.2.3 The results of the digestibility study of the silages 





Food consumed 9912.1 10631.3 10850.1 
(DM 10 days-1 ) ± 2177.39 ± 1234.56 ± 1203.75 
DM1 22.8 24.6 25.6 
(g kg- ' LW d-') ± 3.61 ± 2.83 ± 0.99 
DMI°•75 58.5 63.1 65.3 
(g kg- ' LW°.75d-1 ) ± 10.11 ± 7.13 ± 3.02 
Dry matter 0.75 1 0.754 0.751 
DC ± 0.0110 ± 0.0125 ± 0.0104 
Organic matter 0.766 0.767 0.766 
DC ± 0.0010 ± 0.0131 ± 0.0110 
Crude protein 0.769 0.784 0.749 
DC ± 0.0008 ± 0.0009 ± 0.0008 
Energy 0.751 0.751 0.743 
DC ± 0.0133 ± 0.0175 ± 0.0008 
DOM 686 687 686 
(g kg-' DM) ± 8.6 ± 11.9 ± 9.9 
DCP 16.8 18.0 15.1 
(g kg-1 DM) ± 0.19 ± 0.22 ± 0.15 
DE 15.1 14.6 14.3 
(g kg- ' DM) ± 0.25 ± 0.31 ± 0.15 
N retention 3.35 6.24 1.66 
(g day- ') ± 2.824 ± 1.643 ± 1.059 
ME 12.09 11.67 11.54 
(MJ kg- ' DM) ± 0.235 ± 0.306, ± 0.141 
KEY 
DM1 Dry matter (DM) intake per kg of live weight of the animal. 
DMI° 75 	- DM intake kg-0-75  of live weight of the animal which is a 
correction factor to allow various animal sizes to be compared. 
LW 	- Live-weight. 
DC - Digestibility coefficient. 
DOM 	- Digestible organic matter. 
DCP - Digestible crude protein. 
DE 	- Digestible energy. 
N retention - Nitrogen retention. 
ME 	- Metabolizable energy. 
For treatments definition see Table 6.1.1. 
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6.2.2 Summary. 
Analysis of the composition of the silages from the bunker silos indicated that 
there was little if any difference amongst them. The results from the animal 
trials suggested that neither inoculant, Lactomol nor SilCare II, significantly 
improved the nutritional quality of second-cut grass ensued in bunker silos, 
although SilCare II had a significantly higher digestible crude protein value and 
nitrogen retention and both inoculants improved dry matter intake slightly. 
6.3 Discussion. 
Slight variations in the chemical composition of the herbage ensued in the 
bunker silos on the first day and in laboratory silos were recorded due to the 
natural variation within the herbage. The data recorded for the herbage ensiled 
in the laboratory silos were more accurate than those recorded for the bunker 
silos as the molasses and inoculant were mixed more evenly due to the smaller 
quantities of herbage involved. 
There was a higher number of epiphytic LAB (2.9 x 10 5 cfu g') on the herbage 
than expected; as discussed in section 1.8, levels of 1 x 102  or 103 were expected 
(Ely et al., 1981; Keddie, 1959; Kroulik et al., 1955b; McDonald et al., 1965; 
Moon et al., 1981; Nilsson and Nilsson, 1956; Stirling and Whittenbury, 1968). 
Unlike previous experiments, where the majority of the epiphytic LAB were 
streptococci, only a small number were detected in this herbage. This was 
unusual as the streptococci and Leuconostocs are known to dominate the initial 
stages of the fermentation (section 1.9). 
The level of WSC in the control herbage ensued in the laboratory silos was high 
at 27 g kg- ' FM. These values suggested that the herbage would be likely to 
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ensue successfully as the WSC level was within the recommended level of 25-30 
g kg-1 FM proposed by Haigh and Parker (1985). At the end of the ensilage 
period low WSC levels were recorded in the laboratory silos for all three 
treatments. 
Maximum LAB Counts were recorded after 48 h ensilage for all silages in the 
laboratory silos. The growth of LAB was accompanied by a rapid fall in the 
WSC content and pH of the silages. As discussed (section 4.4) the LAB 
metabolize WSC to lactic acid which reduces the pH of the silage (Bryan-Jones, 
1969; Gibbs et al., 1950; Whittenbury, 1968; Wood, 1961). After 48 h ensilage 
in the laboratory silos silage LM had the highest WSC content and the lowest 
lactic acid content. By seven d ensilage,. the lactic acid content of all the silages 
in the laboratory silos was increasing and the pH had fallen below the critical 
value of 4.2 for all the silages (Carpintero et at., 1969; Wieringa, 1966). The 
control silage had a similar pH and acetic acid level to the inoculated silages 
until the later stages of the fermentation suggesting. that the epiphytic LAB 
produced lactic acid efficiently, and that the addition of the inoculant LAB only 
improved the fermentation slightly. It is essential that the LAB in an inoculant 
are homofermentative, dominate the epiphytic LAB and produce sufficient 
lactic acid to reduce the pH below the critical level as soon as possible to inhibit 
the growth of the deleterious microorganisms. The results from the laboratory 
silos indicated that the homofermentative LAB in SilCare II were slightly more 
efficient at dominating the large number of epiphytic LAB on the herbage than 
those in Lactomol as the pH of the silage was reduced sooner and to a greater 
extent. As discussed (section 1.1), once the pH value has been lowered to a 
satisfactory level a decline in the number of LAB is desirable to prevent the 
unnecessary utilization of the WSC. At the end of the fermentation silage SM 
had the lowest number of LAB and the highest residual WSC content. 
294 
As in previous experiments (sections 5.1-5.3 and 6.2-6.3) the residual WSC, 
lactic acid and acetic acid of the silages exceeded what could be produced from 
the WSC in the original herbage. This production of the additional sugar was 
attributed to the action of plant enzymes and acid hydrolysis of hemicelluloses 
(Carpintero et al., 1969; Dewar et al., 1963; Morrison, 1979). 
The presence of Enterobacteriaceae in silage is undesirable as they convert 
WSC to acetic acid and has been discussed in section 1.3. In the herbage 
ensiled-in the laboratory silos an increase in the number of Enterobacteriaceae 
detected was only reported for the control silage. Enterobacteriaceae usually 
persist the longest in silages with relatively high pH values. For this reason an 
increase in the number present in the Lactomol-treated silage was expected but 
the differences between the numbers of Enterobacteriaceae recorded in each 
silage were small. 
In silages with high Enterobacteriaceae counts the presence of large amounts of 
acetic acid was expected However, the growth of the Enterobacteriaceae was 
inhibited by sampling day 7, possibly due to the increasing acidic conditions, 
thus confirming the findings of Lindgren et al. (1985; 1988). At the end of the 
fermentation in the laboratory silos the Lactomol-treated silage contained the 
highest acetic acid levels. This indicated that it was the least desirable of the 
silages as it would be less efficient at providing energy for the rumen 
microorganisms (McDonald, 1981) and the tissue growth of the animal 
(Armstrong and Blaxter, 1957). This increase in the acetic acid levels could not 
be attributed to the Enterobacteriaceae as they were not detected at this stage 
of the fermentation, and was possibly due to the conversion of lactate to acetate 
(Lindgren et al., 1990). 
The lactic acid to acetic acid ratio increased during the early stages of ensilage 
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as the amount of lactic acid being produced was increasing whereas the acetic 
acid levels remained similar. The ratio values peaked after seven d ensilage. 
Thereafter, the increase in the acetic acid content of the silages was greater 
than that of the lactic acid which caused the ratio values to decline. On 
sampling day 112 silage SM had the highest ratio not because of a higher lactic 
acid content than the other silages but because it contained least acetic acid. 
The presence of clostridia in silage has been discussed in section 1.2.1. Low 
clostridial counts were found on the herbage to be ensued. In the laboratory 
silos the number of clostridia detected throughout the fermentation declined as 
the conditions became more acidic; clostridia prefer neutral pH conditions 
(Bryant et al., 1952; Gibson, 1965). The presence of propionic acid in silages 
has been attributed to the minor metabolic pathways of clostridia (Wood, 1961). 
The conversion of WSC to propionate occurs via a less efficient pathway and 
results in the reduction in the amount of lactic acid produed. The low number 
of clostridia detected would account for the low levels of propionic acid in each 
of the silages. 
During the early stages of ensilage proteolysis is usually accounted for by the 
action of plant proteases, followed by the subsequent degradation of the 
resultant amino acids by the Enterobacteriaceae and clostridia as mentioned in 
sections 1.2.1 and 1.3 (Beck, 1978; Kemble, 1956; MacPherson, 1952; 1962; 
Ohshima and McDonald, 1978; Woolford, 1984). This process results in the 
production of ammonia-nitrogen which is undesirable (section 1.2.1). As no 
proteolytic clostridia were detected in any of the silages the presence of 
ammonia-nitrogen was possibly caused by Enterobacteriaceae. The results from 
the laboratory silos showed that as the protein-nitrogen levels fell the ammonia-
nitrogen content of the silages rose. The rate of proteolysis was greatest in the 
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first 48 h of ensilage when the Enterobacteriaceae were most active. As the pH 
of the silages fell the rate of proteolysis declined confirming the findings of 
other workers (Carpintero et at., 1979; MacPherson, 1952; McDonald and 
Edwards, 1976; Ohshima and McDonald, 1978). At the end of the ensuing 
period all the silages had similar protein-nitrogen levels. However, silage SM 
contained the least amount of ammonia-nitrogen suggesting that nitrogen 
utilization would be more efficient compared to the other silages. 
The ammonia-nitrogen levels of all the silages from the laboratory silos were 
below 80 g kg-1 TN indicating that they were well-preserved (Carpintero et al., 
1969; Haigh and Hopkins, 1977; Wieringa, 1966). The ammonia-nitrogen 
levels of the silages increased rapidly during the early stages of the ensilage 
when Enterobacteriaceae activity was highest. 
The action of yeasts on silage has been discussed (section 1.10). In the 
laboratory silos the yeast counts fluctuated throughout the ensilage period 
although similar yeast counts were recorded in each silage. Under anaerobic 
conditions, present in the silo, yeasts are known to ferment WSC to ethanol and 
small amounts of acetic and lactic acids (Kibe and Kagura, 1976; Kibe et al., 
1977; Woolford, 1976). The ethanol levels recorded in the laboratory silos 
throughout the ensilage period were low. Of the silages, treatment LM resulted 
in the highest ethanol and acetic acid levels although the yeasts counts for this 
treatment were only higher than the other treatments on sampling day 2 and 7. 
As mentioned, the slight increase in ethanol and acetic acid levels in silage LM 
may have been due to the activities of the Enterobacteriaceae or due to the 
conversion of lactate to acetate (S. J. E. Heron pers. comm.; Lindgren et al., 
1990; Wood, 1961). 
As in previous experiments, a shift in the predominant yeast population from 
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the bottom-growing or sedimentary yeasts (section 1.9) to those that utilize 
lactate was observed once the lactic acid levels had peaked. The results showed 
that in the laboratory silos the majority of yeasts in the silage on sampling days 
50 and 112 were lactate-assimilating. Lactate-assimilating yeasts are mainly 
responsible for the aerobic deterioration of silage, already discussed in section 
1.10 (Jonsson and Pahlow, 1984; Pahiow, 1982). - In all the treatments on 
sampling days 50 and 112 the lactate-assimilating yeast counts were below the 
critical level of 1 x 105  cfu g4 DM of herbage (Daniel et al., 1970) at which they 
may cause deterioration on exposure of the silage to air. The low level of 
lactate-assimilating yeasts detected in these silages suggested that on exposure 
to air these silages would probably be aerobically stable; as was observed when 
the silages in the bunker silos were fed out. 
As on previous occasions treatment SM was more efficient at improving the 
fermentation of silages in laboratory silos than treatment LM, even when all the 
silages were well-fermented. 
In the bunker silos, which were used to stimulate the farm situation, the results 
showed that the number of streptococci detected increased after 24 h to 62.5% 
of the epiphytic LAB population. The inoculation of the herbage with SilCare 
II and Lactomol caused an increase in the number of LAB which was higher 
than expected even when the epiphytic LAB were taken into consideration. 
This was due to the difficulty in obtaining a representative sample of treated 
grass and, in retrospect, the unsatisfactory technique employed (aection 2.8.2) in 
obtaining samples. However, both silages SM and LM had more LAB than the 
control and the levels recorded on each were similar. 
Results of losses from the terylene net bags were variable but showed that the 
smallest dry matter loss was recorded for Lactomol-treated silage. It was 
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expected that higher effluent losses (McDonald et al., 1965) and therefore 
higher nutrient losses may occur in silages LM and SM due to the presence of 
molasses, however, this was not found to be the case. 
The temperature of the silage in the bunker silos was likely to be higher than 
the silage in the laboratory silos due to the increased length of time taken to fill 
the silos. The prolonged exposure to air and the presence of an available 
carbohydrate source would allow the process of respiration to continue for 
longer. This would result in increased heat production which may affect the 
microbial population (McDonald et al., 1966) and cause a reduction in the WSC 
level of the herbage. Hinks et al. (1977) found that the temperature in a farm 
silo was likely to rise initially unless an acid or an acid-formaldehyde additive 
was added to the crop before ensilage. 
In the control herbage ensued in the bunker silo the WSC level averaged 20.1 g 
kg- ' FM over the two filling days, was lower than the level recorded for the 
silages in the laboratory silos. This value was lower than the recommended 
level of 25-30 g kg-1 FM proposed by Haigh and Parker (1985). Higher WSC 
levels were recorded for the herbage inoculated with Lactomol and SilCare II in 
the bunker silo rather than the laboratory silo possibly because of the sampling 
technique used as a sample was removed from the bunker silo after a layer of 
inoculant and molasses was added. During the time taken to fill the silos there 
was a rapid fall in WSC levels due to utilization by the microorganisms in the 
herbage and respiration. At the end of the ensilage period low WSC levels were 
recorded for all the silages in the bunker silos. 
During the length of time taken to fill the bunker silos the number of LAB 
detected rose dramatically and was accompanied by a fall in pH and WSC level. 
The addition of an inoculant containing approximately 1 x 10 5 cfu g4 herbage 
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would be unlikely to dominate such a high epiphytic population and 
consequently have a limited effect on the fermentation. 
The results from the pH of the silages in the terylene net bags (Table 6.1.4) 
showed that there was very little difference between the silages but treatment 
LM did produce two silages with pH readings below 4.0. None of the bulked 
samples of silages in the bunker silos had a pH value below the suggested 
critical pH value of 4.2 although this value is also dependent on the DM of the 
crop. The pH values recorded for the effluent (Table 6.1.5) indicated that the 
pH of the silages fell rapidly during the early stages of the fermentation. 
Although, at the end of the fermentation a higher pH and acetic acid content, 
and lower lactic acid content was recorded in the silages in the bunker silos than 
in the equivalent silages in the laboratory silos. These results suggested the 
possible conversion of lactate to acetate by the LAB may have occurred 
(Lindgren et al., 1990). There was no difference between the pH of the control 
and the inoculated silages indicating that the inoculants had only been of slight 
benefit on a large scale. The pH of the effluent (Table 6.1.5) from the bunker 
silos also confirmed this as there was little difference between the values 
recorded. 
During the length of time taken to fill the bunker silos the number of 
Enterobacteriaceae in the herbage increased. This was expected due to the 
aerobic conditions, the presence of large quantities of cell sap and the relatively 
high pH of the herbage resulting in favourable growth conditions. It is therefore 
likely that the Enterobacteriaceae would persist for longer in the silages in the 
bunker silos than the equivalent silages in the laboratory silos. On the final 
sampling day higher acetic acid levels were recorded in the silages in the bunker 
silos than in the equivalent silages in the laboratory silos. This resulted in lower 
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lactic acid to acetic acid ratios and was possibly due to the conversion of lactate 
to acetate in the presence of low WSC levels (Lindgren et al., 1990). 
The presence of clostridia in silage has been discussed in section 1.2.1. The 
number of clostridia did not increase during the time taken to fill the bunker 
silos because of the unfavourable growth conditions. Clostridia are anaerobes 
and as such do not grow well in the relatively aerobic conditions of the herbage 
waiting to be packed into the silo. On the final sampling day higher propionic 
and butyric acid levels were recorded for the silages in the bunker silos than in 
the equivalent silages in the laboratory silos. As clostridia are capable of 
producing these acids the results indicated that their growth may have increased 
more in these silages during the ensilage process than the equivalent silages in 
the laboratory silos. The possibility of increased clostridial activity in the 
bunker silos can be attributed to the higher pH of the silages and possibly the 
higher temperature of the silages. McDonald et al. (1966) found that an 
increased silage temperature (42°C) encouraged a clostridial fermentation. 
During the time taken to fill the bunker silos the protein-nitrogen levels fell 
rapidly due to the: action of plant enzymes and microbial activity. At the end of 
the ensiling period all the silages had similar protein-nitrogen levels. Higher 
protein-nitrogen levels were recorded in the silages in the bunker silos than the 
equivalent silages in the laboratory silos suggesting they would be of a higher 
nutritional quality. This difference in the protein-nitrogen levels may be due in 
part to the possible higher temperature of the silages in the bunker silos. 
Charmley and Veira (1987) found that steam-treatment of herbage reduced 
protease activity and resulted in higher levels of protein-nitrogen than in the 
untreated control. The effluent pH values also suggest that there was a more 
rapid fall in pH in the bunker silos than in the laboratory silos which would 
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reduce the rate of proteolysis (Carpintero et al., 1979; McDonald and Edwards, 
1976; Ohshima and McDonald, 1978). A slightly higher ammonia-nitrogen 
level was recorded for the silages in, the bunker silos but the level was still below 
that recommended for well-preserved silage (Carpintero et al., 1969; Haigh and 
Hopkins, 1977; Wieringa, 1966). 
The action of yeasts on silage has been discussed previously (section 1.10). 
During the time taken to fill the bunker silos the number of yeasts reported on 
the herbage increased possibly due to the favourable growth conditions ie. the 
presence of oxygen and sufficient quantities of WSC in the form of cell sap. 
Yeasts grow faster under aerobic conditions (Deacon, 1980). The amount of 
ethanol recorded for the silages in the bunker silos on the final sampling day 
was small suggesting the presence of low yeast counts. 
The composition of each of the silages offered in the animal trials was similar. 
Any differences in the composition of the silages offered in these trials was due 
to the portion of the silage used. Each silage had a high total-nitrogen content, 
a low WSC content and a high protein-nitrogen content. The pH value of each 
silage was above the critical level of 4.2 and higher than those recorded for the 
equivalent treatment in the laboratory silos. The lower lactic acid content of 
the silages was reflected in the higher pH value recorded. Similar organic 
matter and gross energy values were recorded for each silage at the final 
sampling day. 
The low MAD-fibre content recorded for the herbage as ensued indicated that 
it was harvested at an early stage of growth and would be easily digested by the 
animals, resulting in an increased efficiency of utilization. This was reflected in 
the high live-weight gain results (Table 6.2.2). 
302 
The digestibility study indicated that there was little difference between the 
efficiency of digestibility of each of the silages. The amounts of organic matter 
digested were similar, and there were only a slight differences between the 
digestible crude protein and energy levels in each silage. Although the nitrogen 
retention by the lambs was variable it did not help to explain any differences 
which were present. The amount of metabolizable energy gained by the lambs 
from each silage was similar. 
Dry matter intakes by the lambs offered each silage were high, all greater than 
900 g day-'. Despite the small differences in composition the DM intakes for 
the inoculated silages were slightly higher. The expected DM intakes values for 
each silage were calculated using the equation: 
INTAKE = 57 + 1.42 SWSC - 10.67 E + 3.52 GWSC + 26.65 PN 
where SWSC is the WSC content of the silage, E is the ethanol content of the 
silage, GWSC is the WSC level in the grass and PN is the protein-nitrogen level 
in the silage, all as g kg -' DM (Henderson et al., 1984a). The theoretical GWSC 
level was calculated due to the poor sampling technique employed. The highest 
DM intake was predicted for silage LM but silage SM actually had the highest 
DM intake. The control had both the lowest expected and actual DM intake. 
These intakes were much higher than those recorded with lambs of similar age 
and an untreated silage with a similar digestible organic matter content but a 
much lower crude protein content (Henderson et al., 1989). The live-weight 
gain of the lambs offered each of the silages was high, reflecting the high DM 
intakes. Although those lambs offered silage LM gained more weight the 
amount was not significantly different (P > 0.05) from the other silages. 
The effect of inoculants in improving the nutritional value of silages are 
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generally small. Although, as discussed in section 1.13.2 improvements have 
been reported in studies using inoculated silage (Anderson et al., 1989: Bolsen 
and Ilg, 1981: Hooper et al., 1984: Kung et al., 1987; O'Leary and Hemken, 
1983; Thomas et al., 1983; Wohit, 1989). One of the few studies in which there 
was a large effect was recorded by Henderson (1987) in which a bacterial 
inoculant containing L. plantarum arid P. pentosaceus improved the efficiency of 
utilization of the silages. In dairy trials, Gordon (1989) showed improvements 
in the nutritional value of silages due to the addition of a bacterial inoculant. 
Increased milk yields were recorded for those lactating cows offered the 
inoculated silage as opposed to the untreated control. 
In conclusion, neither SilCare II nor Lactomol improved the fermentation of the 
grass in the bunker silos. An improvement in the fermentation of ensued 
herbage may have been achieved by using a higher application rate of SilCare 
II. Results from section 6.3 indicated that a higher application rate than 1 x iO 
cfu g-1 herbage would result in a more efficient fermentation. An increased 
application rate of SilCare II may also have improved the nutritional quality of 
the silage resulting in improved DM intake and live-weight gain although in this 






Of all the cultures tested, L. plantarum L71 and P. pentosaceus P826 were 
found to be the most suitable for incorporation into a silage inoculant. This 
inoculant was termed SilCare. 
The efficiency of ensilage of SilCare was improved when applied with 
molasses. 
The more efficient ratio of the constitutent cultures of SilCare of the two 
tested was found to be three L. plantarum L71 cells to every one P. pentosaceus 
P826 cell. 
SilCare II contained the more effective ratio of the constituent cultures and 
was always applied in the presence of molasses at the rate of 9 ml kg -' herbage. 
SilCare II was found to be more effective in improving the efficiency of 
ensilage than a commercially available inoculant, Lactomol. 
Rehydrated skimmed milk (10% w/v) was found to be the most successful 
protectant for preserving the constituent cultures of SilCare during the freeze-
drying process and over a long storage period. 
A comparison of the ensilage capabilities of SilCare II when freeze-dried 
by different processes showed that the use of rehydrated skimmed milk rather 
than the protectant used for Lactomol produced the more efficient inoculant. 
Freeze-dried SilCare II preserved herbage more successfully than either 
Lactomol or no treatment. 
9. It is recommmended that SilCare II should be applied to herbage at the 
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rate of 1 x 106  cfu g-1 herbage. 
Neither SilCare II nor Lactomol improved the fermentation of second-cut 
grass ensued on a large scale in bunker silos more than the other. 
Improvements were only slight and less than in laboratory silos. 
Animal trials with these silages indicated that, when SilCare II and 
Lactomol had only a small effect on the fementation, any improvement in the 
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